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1CHAPTER 1
PROLOGUE
1.1 The Status Qu.o
Discrete sources of non-thermal radio emission have been 
identified with supernova remnants in our own galaxy, with external 
galaxies and with quasi-stellar objects (QjSOs). This thesis will be 
concerned with the spectra of the extragalactic radio sources which are 
defined as follows:
Radio Galaxies These have radio power outputs between 1035 and 1038 
watt, in contrast to the 'normal' galaxies, which are defined by radio 
power outputs in the range ~ 103° ~ 1032 watt. The galaxies have been 
broadly classified according to the nature of the optical image as 
irregular (i), spiral (S), elliptical (E), elliptical with an extended 
envelope (d ), double systems with E or D-type components (db) and 
star-like with a faint envelope (n ). Irregular and most spiral 
galaxies are normal.
QSOs are identified by their stellar appearance, but distinguished 
from stars photometrically by their strong ultraviolet excess. We seem 
to be little closer to solving the puzzle of the QSO distances than when 
these objects were discovered about seven years ago. If, however, 
distances are as indicated by the redshifts, their radio power outputs 
are in the range 1035 - 1038 watt.
Blank field objects These are discrete radio sources having non-thermal
spectra, for which no corresponding optical object has been found.
2Our present knowledge concerning these radio sources has come 
mainly from radio observations of their angular structure and spectra, 
combined with distances available for many sources from optical data. 
Dimensions and Structure
Interferometer observations (resolution 1' to 1" arc) have 
shown that the structure of 60% of radio galaxies is approximated by 
two components of similar intensities, the centroid of which coincides 
with the optical image. Twenty per cent of radio galaxies have 
core-halo structures centred on the optical image, which is consistent 
with their being double sources seen end-on.
Long baseline interferometry (resolution 1" to .1" arc) 
indicates for QSOs an overall structure similar to that of galaxies. 
Assuming redshifts to indicate cosmological distances, the linear 
dimensions are also similar (l - 500 Kpc).
Higher resolutions, obtained by the techniques of 
interplanetary scintillation and very long baseline interferometry, 
indicate the presence of extremely compact components with linear 
dimensions of the order of parsecs and less. These components occur 
in sources with non-linear spectra.
Minimum ages of ~ 10s years for radio sources are derived 
assuming that two radio clouds have been ejected with relativistic 
velocities from a parent optical galaxy. Relativistic effects could 
reduce the minimum age. From the stellar absorption lines observed 
in some galaxies, lifetimes > 109 - 1010 years have been estimated. 
Conditions in Radio Sources
Radio emission is thought to be predominantly by the electron
3sy n c h ro tro n  p ro c e s s .  Evidence f o r  t h i s  comes from
( i )  th e  power law  form o f  most s p e c tr a  o v e r a wide freq u en cy  range 
(100 - 5000 MHz).
( i i )  th e  c o n s is te n c y  o f  th e  low freq u en cy  a b s o rp tio n  c u t - o f f  w ith  
a n g u la r  s iz e  l i m i t s  f o r  h ig h  s u r fa c e  b r ig h tn e s s  so u rc e s  (m ain ly  QSOs),
( i i i )  th e  b e h a v io u r  o f  spectrum  v a r i a t i o n s ,  and
( i v )  th e  e x is te n c e  o f  d eg ree s  o f  p o l a r i s a t i o n  app ro ach in g  th e  
t h e o r e t i c a l  v a lu e  o f  6 0 % w ith in  some so u rc e s .
I f  e q u i p a r t i t i o n  e x i s t s  betw een m agnetic  and p a r t i c l e  en erg y  
d e n s i t i e s ,  th e n  assum ing  th a t  d is ta n c e s  a re  in d ic a te d  by r e d s h i f t s ,  th e  
observ ed  f lu x  d e n s i t i e s  r e q u ire  i n t e r n a l  e n e rg ie s  o f  ~ IO 6 0  - 1061 e rg  
f o r  QSOs and th e  m ost lum inous ra d io  g a la x ie s .  I f  e q u i p a r t i t i o n  does 
n o t e x i s t ,  g r e a t e r  e n e rg ie s  a re  in v o lv e d . Such e n e rg ie s  c o n ta in e d  
w ith in  d im ensions o f  ~ 100 p a rse c  sho u ld  be e x p lo s iv e . There i s
ev idence  f o r  v io l e n t  a c t i v i t y  - from i n t e n s i t y  v a r i a t io n s  a t  o p t i c a l  
and ra d io  f re q u e n c ie s ,  from d i r e c t  p h o tog raphs ( e . g .  MÖ2), from b ro ad  
em issio n  l i n e s  in  th e  s p e c tr a  o f  QSOs and S e y fe r t  g a la x ie s ,  and a ls o  
m u lt ip le  em issio n  l i n e s  in  th e  s p e c tr a  o f  th e  S e y fe r t  g a la x ie s .
Most a t te m p ts  to  d is c o v e r  r e l a t io n s h ip s  betw een th e  o b se rv a b le  
p a ram e te rs  o f  r a d io  so u rc e s  on a s t a t i s t i c a l  b a s is  have no t been  v e ry  
s u c c e s s fu l .  They se rv e  on ly  to  show how g re a t  th e  d is p e r s io n  in  
i n t r i n s i c  p r o p e r t i e s  m ust b e .
For t h i s  re a so n , hopes f o r  o b ta in in g  c l e a r - c u t  co sm o lo g ica l 
and e v o lu t io n a ry  r e s u l t s  from n um ber-flux  d e n s i ty  r e l a t io n s h ip s  a re  dim.
4The u n d e rs ta n d in g  o f  th e  o r ig in  and n a tu re  o f  th e se  
e x t r a g a l a c t i c  r a d io  so u rc e s  must he sought in  f u r th e r ,  h ig h  r e s o lu t io n  
s tu d ie s  o f  in d iv id u a l  o b je c ts .  In  many re s p e c ts  t h i s  i s  r e s t r i c t e d  
to  o u r own g a lax y  and th o se  nearby , o f  w hich most a re  'n o rm a l '.
1 .2  P rev io u s  I n v e s t ig a t io n s  o f  S p e c tra
The m ost e x te n s iv e  s tu d ie s  o f  s p e c tr a  so f a r  p u b lish e d  a re  
th o s e  o f  b60 3C so u rc e s  betw een 38 and 3200 MHz (Conway, K ellerm ann 
and Long (CKL), 1963* and ex ten d ed  to  240 so u rces  by K ellerm ann,
1 9 6 4 a ,b ) , 2000 FKS so u rc e s  a t  4o8, l4 l0  and 2650 MHz (B o lto n , Gardner 
and Mackey, 1964; P r ic e  and M ilne, 1965; Lay, Shimmins, Ekers and Cole, 
1966; Shimmins, Day, Ekers and Cole, 196 6 ), and 1000 4c so u rces  betw een 
38 and l4 l0  MHz (Long e t  a l . ,  1966; W illiam s and S te w a rt, 1967;
W illiam s e t  a l . ,  1 9 6 8 ).
The r e s u l t s  o f  th e se  s tu d ie s ,  a s  w e ll as th o se  o f  more re c e n t 
m easurem ents a t  G reenbank and Cambridge (K ellerm ann , P a u lin y -T o th  and 
W illiam s, 1969 ) have been  rev iew ed  by S cheuer and W illiam s (1 9 6 8 ). 
B r ie f ly ,  th e  c o n c lu s io n s  may be sum m arised :-
( i )  Over th e  o b se rv ed  freq u en cy  range 10 - 5000 MHz many s p e c tr a
_Q!a re  q u i te  w e ll  ap p ro x im ated  by a sim ple power law S « f"  where Oi, 
th e  s p e c t r a l  in d e x , i s  a p o s i t iv e  c o n s ta n t .
( i i )  The mean s p e c t r a l  index  below  l4 l0  MHz v a r ie s  from + .78 
to  + .70 f o r  su rv ey s  a t  f re q u e n c ie s  from 10 MHz to  610 MHz 
r e s p e c t iv e ly .  I n c r e a s in g  c o n t r ib u t io n  from f l a t  spectrum  so u rces  
w ith  in c r e a s in g  su rv ey  freq u en cy  i s  a r e s u l t  o f  th e  d is p e r s io n  o f  
s p e c t r a l  in d ic e s  and th e  in c re a s in g  numbers o f  f a i n t e r  so u rc e s . For 
so u rc e s  s e le c te d  from  th e  low er freq u en cy  Cambridge su rv ey s , th e
5dispersion in spectral indices is very small - .11. The dispersion
increases at higher frequencies. For Parkes catalogue sources,, taken 
from a 4o8 MHz survey, the flatter spectrum sources are identified 
mainly with QSOs (Bolton, 1966; Shimmins, 1968).
(iii) A number of spectra steepen at higher frequencies. Others 
show negative curvature (increasing spectral index with increasing 
frequency), particularly at lower frequencies. Such sources have 
components of dimensions less than a few hundred pc, and are therefore 
of very high surface brightness. Positive curvature observed at high 
frequencies, particularly among QSOs, is attributed to a separate high 
frequency component often having a spectrum characteristic of the high 
surface brightness objects discussed above.
(iv) Wo strong correlations of spectral form with other radio 
and optical parameters have been discovered. CKL and Kellermann 
(1964b ) noticed that the most luminous sources tend to have steeper 
spectra. Kellerman (1964b) also suggested increasing linear 
dimensions with increasing CC, and more pronounced steepening of 
spectral indices for sources of high surface brightness.
A number of observers have reported spectra of special 
interest and some of these reports are referred to in the discussion 
of individual sources.
Time variations of spectra have been reviewed by Kellermann 
and Pauliny-Toth (1968a), and further observations have been published 
by these authors (Pauliny-Toth and Kellermann, 1968a).
Indirect information on the statistics of radio source
spectra could be obtained to low flux densities from a comparison of
6log N - log S relations at different frequencies - if only one could 
discriminate between spectral, evolutionary and cosmological effects.
1.3 Motivation for the Present Investigation
The main purpose in making the series of spectrum measurements 
described in this thesis is to provide a statistically complete sample 
of accurate relative spectra, to enable a comparison of the radio 
spectra and their time variations, for QSOs, radio galaxies and 
unidentified radio sources.
Recent improvements in receiver design and hence in signal- 
to-noise ratio allow the determination of relative spectra, more 
accurate than any so far published. Of comparable accuracy to the 
present observations are recent measurements of 3CR spectra made at 
Greenbank (Kellermann, Pauliny-Toth and Tyler, 1968; Kellermann, 
Pauliny-Toth and Williams, 1969).
The present sample, unlike those discussed in the previous 
section, is statistically complete with respect to
(i) definite lower flux density limits at given frequencies and
(ii) optical identifications.
The selection of sources is discussed in the next section.
Other motivations for the present programme are
(i ■ to study time variations of the spectra
(ii) to provide a comparison of the spectra of southern radio 
sources with those of the Cambridge surveys in the northern hemisphere
(iii) to establish a network of accurate flux density calibration
sources for use by southern observers.
71 .4  The S e le c t io n  o f  S ources f o r  a S tudy o f  S p e c tra  and t h e i r  Time 
V a r ia t io n s
The sample f o r  s t a t i s t i c a l  a n a ly s i s  was drawn from  a l l  so u rc e s  
hav ing  t r a n s i t  p o s i t io n s  m easured w ith  th e  2 1 0 -fo o t te le s c o p e  a t  P arkes 
(Shimmins, C larke  and E k ers , 1966; Shimmins, 1968a ) .  The s e le c t io n  i s  
n o t u n b ia sed  and i s  s u b je c t  to  th e  fo llo w in g  r e s t r i c t i o n s .  The so u rc e s  
f o r  a c c u ra te  t r a n s i t  p o s i t io n  m easurem ent were chosen from  th e  P arkes 
C ata logue w hich was com piled  in  5 d e c l in a t io n  zones, a v o id in g  co n fu sed  
re g io n s  abou t th e  G a la c tic  P lane and M ag e llan ic  Clouds (B o lto n  e t  a l . ,  
1964; P r ic e  and M ilne , 1965; Bay a t  a l . ,  1966; Shimmins e t  a l . ,  196 6 ). 
The re g io n s  covered  a re  shown in  th e  r e fe re n c e s  c i te d .
Between d e c l in a t io n s  +20° and -75° th e  su rv ey  freq u en cy  was 
4o8 MHz, and betw een -2 0 °  and -75° th e  c a ta lo g u e  i s  e x p ec ted  to  be 
com plete down to  4 f . u .  a t  t h i s  f re q u e n c y . Between d e c l in a t io n s  +20 
and -20° a l l  so u rces  h av in g  f lu x  d e n s i t i e s  g r e a t e r  th a n  2 .5  f . u .  a re  
in c lu d e d . The r e g io n  so u th  o f  -75° was su rveyed  to  a f lu x  d e n s i ty  
l i m i t  o f  0.5 f . u .  a t  l 4 l 0  MHz (o n ly  th r e e  o f  th e  s e le c te d  so u rces  l i e  
in  t h i s  zo n e). The rem a in in g  a re a  o f  th e  sky a c c e s s ib le  a t  P ark es , 
betw een d e c l in a t io n s  +20° and +27° f  was su rveyed  a t  6^5 MHz down to  a 
l i m i t  o f  1 .5  f . u .  a t  t h i s  freq u en cy , and in c lu d e s  two so u rc e s  common to  
th e  p re s e n t  programme.
A ccu ra te  p o s i t i o n s  have been  m easured f o r  so u rc e s  h av ing  f lu x  
d e n s i t i e s  ^ 1 .8  f . u .  a t  1.4lO MHz (Shimmins e t  a l . ,  196 6 ) and = 0 .8  f . u .  
a t  265O MHz (Shim m ins, 1 9 6 7 ) as  w e ll  a s  a few w eaker so u rc e s . Of
* 1 f . u .  = 1 f lu x  u n i t  = 1 0 '26 w a tt m-2  h z " 1
8th e s e  so u rc e s , o n ly  th o se  s tro n g e r  th a n  1 .0  f .u .  a t  2650 MHz have been 
c o n s id e re d .
These f lu x  d e n s i ty  l i m i t s  p la c e  r e s t r i c t i o n s  on s p e c t r a l  index  
and th e s e  a re  d is c u s s e d  in  more d e t a i l  in  C hap ter 5 (se e  a ls o  F igu re
5 .1 ) .
For a l l  so u rc e s  w hich s a t i s f i e d  th e s e  re q u ire m e n ts , th e  
N a tio n a l G eographic - Palom ar Sky Survey p la te s  o r  p r in t s  have been 
exam ined f o r  d e c l in a t io n s  n o r th  o f  -3 3 ° , f o r  w hich tw o -c o lo u r  p la te s  a re  
a v a i la b le  (B o lto n , C la rk e  and E kers, 1965; B o lton , C la rk e , Sandage and 
Veron, 1965; C la rk e , B o lton  and Shimmins, 1966; Ekers and B o lton , 1965; 
B olton  and E k ers , 1 9 6 6 a ,b ,c ,d ;  B olton  and E kers, 1967; Kinman, B o lton , 
C la rke  and Sandage, 1967; B o lton , Shimmins and M e rk e lijn , 1968). The 
103a-E  p la te s  o f  th e  W hiteoak E x ten s io n  o f  th e  Palom ar Sky Survey 
cover d e c l in a t io n s  - 33° to  - 45° .  Only g a la x ie s  can be d is t in g u is h e d  
on th e  l a t t e r .  South  o f  - 45° ,  inco m p le te  i d e n t i f i c a t i o n s  a re  a v a i la b le  
from th e  work o f  W este rlu n d  and Sm ith (1966), E kers (1967 ), and 
W este rlund , W all and S tokes (1967).
F u r th e r  s e le c t io n  o f  th e  above so u rces  was made acc o rd in g  
to  th e  ty p e  o f  o p t i c a l  f i e l d  co rre sp o n d in g  to  th e  e r r o r  re c ta n g le  about 
th e  r a d io  t r a n s i t  p o s i t io n .  For o p t i c a l  f i e l d s  o b scu red  o r  crowded, 
th e  c o rre sp o n d in g  r a d io  so u rces  were r e je c te d  from th e  l i s t .  The 
rem ain ing  f i e l d s  c o n ta in  e i t h e r  g a la x ie s ,  QSOs o r  a re  empty.
Table l . l ( a )  l i s t s  a l l  Q£0 s used  in  th e  s t a t i s t i c a l  s tu d y  o f
s p e c tr a  -
Column 1 : P arkes C ata logue number
" 2 : O ther c a ta lo g u e  numbers - 3C, 3CR, 4C, NRA0 ( p receded
9by N) or MSH
Column 3: Visual photometric magnitude. Those corrected for
aperture effect, K-dimming and galactic absorption, (most from Sandage) 
are given to two decimal places. Where uncorrected photometric or 
photographic magnitudes are available, these are given to one decimal 
place.
Columns 4 and 5: B-V, U-B
Column 6: Numbers refer to sources of photometric and photographic
data, given at the foot of the table.
Column 7* Redshift, z
Column 8: Numbers refer to sources of spectroscopic data, given at
the foot of the table.
Table l.l(b) gives similar information for radio galaxies, and 
in addition, the type of galaxy - as either S (spiral), E (elliptical), 
D, db (dumb-bell), or N (as in the classification of Matthews, Morgan 
and Schmidt (1964)).
The sources having blank optical fields are listed in Table 
1.1(c), and Table l.l(d) gives information on other sources observed 
which do not satisfy the selection requirements for a statistical 
analysis.
When the observing programme was begun in 1965-66, observations 
for flux density variation were biased towards sources previously 
reported to be variable and sources with peculiar spectra. However, 
the statistics of time variations is not seriously affected, as finally, 
repeated measurements were available for a large sample of other
sources.
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1.5 Layout of the Thesis
The techniques of observation and reduction are described in 
Chapter 2. The new Parkes flux densities are tabulated in Chapter J), 
which includes a discussion of their errors. These flux densities are 
supplemented by others, particularly those outside the frequency range 
of the present observations.
Chapter 4 presents the spectra together with spectral indices 
and curvature. Mechanisms proposed for their generation are discussed 
with reference to individual spectra.
Chapter 5 describes statistical analyses and discusses these
results.
The observations, analysis and interpretation of time varying 
spectra are contained in Chapter 6. These spectra are not included in 
the graphs of Chapter b.
Chapter 7 summarises the results of previous chapters and 
further discusses their implications.
Appended is a list of standard sources for flux density 
calibration, and tables of flux densities for sources known to have, 
or suspected of having, time variations.
TABLE 1 .1
(a.) QSOs
PKS O ther
V ^
4-
c a t . c a t . B-V
no. nos.
0003-00* 2
0017+15 9
0021-29 00-2 9 17.91 • 34
OO56-OO -0 0 .6
0155-10 01-1 10 17.09 .23
0157-31 01-3 15 l8 .4
0159-11 57 1 6 .4o .14
0202-76
0229+13 +13.14
1 6 . 7 7 .06
0340+04 95
0349-14 95 16.22 .33
0350-07
0403-13*
94
0405-12* 04-1 2? 14.79 .18
0408-65
0518+16 138
0725+14 181
0758+14 190 17.46 -.2 0
0802+10 191
0812+02 +02.23 17.
0825-20 08-2 24 18.
0837-12 15.76 .02
0838+13 207
0850+14 208
0859-14 08-1 1
1040+12 245
1048-09 246 16.79 .06
1055+01 +01.28 18.28 .46
1116+12 +12.39 19.25 .14
1127-14 16.90 .27
1136-13 11-1 8 17.
1226+02* 273 12.80
1229-02 -02.55 16.75 .48
1232-24 12-2 7 17.19 .36
1241+16 275.1
U-B Ref. z Ref.
1 1.037 9,50
1 2.012 9
- .4 o 2
1 0.720 9,20
- .4 1 2 0 .6 l6 17
- .7 3 3 (0 .669 ) 9 ,55 ,29
- .7 7 2
1 2.067 9,20
1 no l i n e s
- .5 9 23 0 .6 l  4 25
1 0.962 50
1 0.571 50
- .6 0 20 0.574 20,21
1 0.760 9
1 1.382 9
- .9 0 38
1 1.952 9
4 0.402 20
- .8 5 21 0.200 20
1 0.683 9,50
1 1.109 9
1 1.327 19
1 1.029 9
- .4 9 22 0.344 20
- .5 3 23
- .7 6 26 2.118 8
- .7 0 22 I . I 8 7 22,19
0.554 20
1 0.158 9
- .6 6 0.388 20,22
- .5 8 2 0.355 25
1 0.577 9
T ab le  1 . 1 , cd n t in u e d
( a )  QSOs, c o n t in u e d
FKS O th e r
V ^
r*
B-V+c a t . c a t . U-B R ef. z R ef.
no. n o s .
1253-05* 279 1 0 .5 3 8 21
I3 1 8 + II + 11.45 1 9 .5 4
1327-21 1 6 .6 3 .22 - .6 2 2 0 .5 2 8 19
1335-06 -0 6 .3 5 1 0 .6 2 5 19
1354+19 + 19.44 1 0 .7 2 0 2 2 ,1 9
l4 l6 + 0 6 * 298 1 1 .4 3 9 9
1420-27 14 -2  8 1 7 .8 1 .67 - I . I 9 2
1422-29 14 -2  10 1 6 .8 3 .32 - .1 8 2
1453-10 1 4 -1  121 1 0 .9 4 0 8
1510-08* 1 5 -0  6 1 0 .3 6 1 19
1524-13 15 -1  9 20 . 4
1618+17* 334 1 0 .5 5 5 9
2115-30 2 1 -3  4 1 6 .3 9 • 70 - .4 6 2 O .98 29
2135-14 21 -1  15 1 5 .5 3 .10 - .7 8 2 ,2 7 0 .2 0 0 20
2209+08 +08.6"4^ 18 . 4 0 .4 8 6 25
2223-05* 446 1 7 .7 9 .60 - .3 9 2 1 .4 0 3 7
2230+ H CTA102 1 1 .0 3 8 8
2249+18 454 1 1 .7 5 7 9
2251+15* 4 5 4 .3 1 0 .8 6 0 9
Table 1 .1 , continued, 
( b ) Radio G alax ies
PKS
c a t .
O ther 
c a t . I d e n t .
no.
0000-17
nos. 
00-1  1 N
0002+12 + 1 2 .1 ,+ 1 2 .2 g
0007+12 +12.3 E
0054-01 15 E
0035-02 IT E
0043-42 00-4 11 g
0045-25 00-2 2 2 ,NGC253. S
0053-01 26 E
0055-01 29 E
0106+13 33 D
0114-11 01-2 6 db
0123-01 40 db
0124+08 +08.7 g
0131-36 01-3 11 S
0213-13 62 E
0218-02 63 E
0219+08 64 g
0240-00 71, NGC1068 S e y fe r t
0255+05 75 db
0300+16 76 .1 D
0305+03 78 D
0307+16 79 E
0320-37 03-3 1 D
0320+05 +05.14 g
0325+02 88 D
0331-01 89 D
0336-35 03-3 3 E
0344-34 03-3 6 E
0346-27 03-2 10 ? E
0349-27 03-2 12 E
0356+10 98 E
0427-53 04-5 4 db
0430+05 120 Seyfe r t
0511+00 135 N
0511-30 05-3 5 E
V B -V Ref. z Ref,c c c
16 .2 7
l 8 .0
0 .7 0 2
16 .5
1 .0733 15
1 .2201 7
1 6 .7
7 .2 .0002 6
1 .2106 7
1 .0450 12
1 .0600 7
1 7 .5
12 .15 O.96 1 ,2 .0179 36
1 7 .5
12 .54
1 7 .0
1 .01 2 .0298 37
1 7 .9
1 7 .9
8 .8 7 O.78 2 .0038 6
13 .46 1 .1 0 2 .0241 36
1 .0326 15
12 .69 1 .0 8 2 .0289 7
18 .75 0 .7 9 2 .2561 7
8 .9 0 O.96 2 .0057 6
1 8 .6
1 .0302 7
1 7 .0
10 .1
l6 .1
1 7 .5
1 5 .6 .066 29
1 .0306 7
12 .5 0 .8 0 2
1 .0333 15
1 .1270 12
1 5 .6
Table 1 .1 , co n tin u e d
(b )  Radio G a la x ie s , c o n tin u ed
FKS O ther
c a t . c a t . I d e n t . V B -Vn> r* Ref. z Ref
no. nos.
0518-^5 PIC A N 15 .44 0 .52 2 .0342 7
0521-36 05-3 6 N 14 .23 0 .6 7 2 .055 29
0531+19 E 1 5 .6
0618-37 06-3 7 db 1 5 .2
0625-35 06-3 B db 1 5 .3
0642-43 06-4  12 E 1 4 .9
0715-36 07-3 5 E 1 6 .0
0718-34 07-3 1 E 1 4 .9
0 7 1 9 -H E 16 .5
0724-01 180 g 1 7 .6
0800-09 08-0 13 E 1 6 .8
O806-IO 195 E 17 .2
0812-02 196.1 D 1 7 .0
0818+17 +17.44 g 17 .2
0819-30 08-3 3 E 1 3 .5
0819+06 198 D 1 .0809 7
0843-33 08-3 8 E 1 1 .99 1 .1 6 2
0855+14 212 N l 8 . l l 0 .9 0 2
0 9 1 5 -H 218, HYDRA A D 13.49 0 .9 3 2 .0526 36
0941-08 09-0  8 D 17 .5
0945+07 227 N 1
LT\
00O 12
1116-46 E 1 5 . I I 0 .86 2
1123-35 11-3 3 E 13 .69 1 .01 2
1142+19 264 D 12 .63 0 .9 8 1 ,2 .0206 7
1159-10 11-1 19 E 17 .1
1214+03 12+0 4 D 1 5 .7 .0763 15
1216+06 270 E 10 .3 8 0 .9 9 1 ,2 .0070 6
1221-42 D 1 6 .6
1222+13 272 .1 E 9 .3 6 0 .9 4 1 ,2 .0029 6
1233+16 +16.33 db 1 6 .7
1246-41 12-4  5 S 11 .36 0 .95 2 .00863 38
1249+09 +09.b\ E 17 .5
1252-12 278 db 11 .2 1 .0 0 2 .0143 36
1302-49 13-4 1 S 6 .2
1306-09 13-0 2 D 1 6 .9
Table 1 . 1 , c o n tin u ed
(b )  Radio G a la x ie s , co n tin u e d
FKS O ther
c a t . c a t . Id e n t
no. n o s .
1308-22 13-2 3 g
1313+07 +07.32 D
1322-42 13-4 2 D
1330+02 2 8 7 .I N
1334-29 13-2 5 S
1334-17 13-1 8 g
1340+05 +05.57 N
1345+12 +12.50 S
1354+01 +01.39 E
I3 5 8 - I I 13-1 11 E
1413-36 D
1414+11 296 E
1416-49 14-4  4 D
1416-15 l 4 - l  ¥ g
1417-19 14-1  5 N
1420+19 300 E
1425-01 300.1 N
1427+07 +07.36 E
1436-16 14-1 14 D
1504-167 15-1 3 g
1508+08 313 E
1514-24 E
1514+00 +OO.56 E
1514+07 317 D
1518+047 404.51 g
1523+03 +03.33 E
1559+02 327 D
1602-63 db
1603+00 +OO.58 E
1641+17 346 E
1648+05 348 D
1655-77 E
1717-00 353 D
1739+17 +17.77 D
1934-63 g
V B -V Ref. z Ref,c c c
1 7 .1
1 3 .6
1 .00157 6
1 .2156 9
8 .7 7 0 .65 2 .00108 6
1 8 .0
16 .5 .1333 15
1 5 .8
13 .2 .025 29
16 .5
12 .14 0 .95 1 ,2 .0237 9
15 .7 8
l8 .6
0 .92 2
16 .2 4 0 .4 l 2 .1192 15
1 7 .3
1
17 .5
17 .5
1 7 .0
1 8 .0
14 .74 O.56 2
1 4 .7 .053 29
1 .0351 7
1 6 .8
1 8 .0
1 .1041 7
15 .1
1 4 .9
16 .2
1 .1540 36
1 5 .6
1 .0307 7
1 3 .5
18 .42 5
Table 1 .1 , co n tin u ed
(b )  Radio G a la x ie s , co n tin u e d
FKS O ther
OQ/"t o c a t . I d e n t . V
r%
B -V
r* r\
Ref. z R ef.
no. nos.
1949402 403 D 1 .059
1954-55 19-5 7 E 1 6 .3
2014-55 20-5 ^ E 1 5 .4
2050-23 20-2 B D l8 .6
2040-26 20-2 12 E 1 3 .3 8 0 .42 2
2045+06 424 E 1 6 .9
2048-57 20-5 7 S 1 3 .4 5
2053-20 20-2 14 E 1 6 .3
2 058 -28 20 -2  15 E 14 .54 O.8 9 2
2104-25 21 -2  1 E 1 4 .4 5
2211-17 444 D 1 7 .5
2212+13 442 db 13 .4 8 0 .95 2 .0270 36
2247+11 +1 1 .7 1 E 12 .41 O.96 2 .02683 2
2248-106 +0 6 .7 5 E 17 .1
2252+12 455 D 1 .0331 12
2308+07 407 .61 E 13 .45 1 .02 2
2309+09 456 E 1 .2337 7
2313-18 g 1 7 .9
2314403 459 N 1 .2205 7 ,1 5
2317-27 23-2 4 E 1 6 .9
2324-02 23-0  11 E 1 6 .3
2356-61 2 3 -6  4” D 1 5 .9 5
Table 1 .1 , co n tin u ed
( c ) B lank F ie ld  O b jec ts
FKS
c a t .
no.
O ther
c a t .
nos.
0033+18 14
0128+03
0132407
0138+13
0202+14
+03.7
45
49
0235-19
0316+16
02-1 10 
CTA 21
0357-16
0404+03
0411+05
03-1 11 
+05.19
0519-20
0624-05
0850-20
0941+10
1008+06
05-2 4
l 6 l
08-2 16 
226 
238
1059-01
1138+01
1216-10
1239-04
1245-19
249 
+01.32 
12-1  9 
275
1317+17
1434+03
1544-07
+17.56
+03.30
1602-09
1602401
16-O 1 
327 .1
1922-62
1938-15
2210401
2247+14
2318-16
19-6 1 
19-1  11 
401.69 
+14.82 
23-1  8
2329-16 23-1 17
Table 1 . 1 , co n tin u ed
(d )  A d d itio n a l O b jec ts
FKS O ther
c a t . c a t . I d e n t . V
no. nos. C
0008-42
0023-26 00-2 10
0030+19 D 17 .5
0039-44 00-4 10
0106+01 +01.2 QSO 18 .33
0122-00 QSO 16 .8 8
0124+18 408.7 E 14 .2
0125-14 01-1 11 g? 1 8 .5
0133+20 47 QSO 17 .91
0202-17 030 1 7 .9
0222-23 02-2 7
0237-23 QSO 16 .61
0332-39 E
0333+12 +12.15
0336-01* CTA 26 QSO 1 8 .4 l
0410-75 04-7  1
0417+15 +15.13
0428+20 b
0438-43 04-4 9
0440-00 °4 -0  15 QSO 19 .22
0442-28 04-2 18 E 1 6 .6
0445-22 g 1 8 .5
0451-28 QSO 1 8 .4
0454-22 04-2 21 QSO?
0458-02 -0 2 .1 9
0530+22 144, Tau A
0614-34 06-3 6 db 1 7 .5
0637-75 06-7  1
0735+17
0736+01 QSO
0834-19
0834-20 QSO?
0855-19 0 8 - l  19 QSO?
IOO5+O7 237
1148-00 -0 0 .4 7 QSO 1 7 .5 0
B-V U-B Ref. z Ref.
1 2 .1 0 7 l4
1 1 .0 7 0 30
1 0 .452 9
1 .7 4 25
0 .15 -O .6 I 28 2 .2 2 3 16
0 .55 -0 .8 2 27 0 .852 25
0 .3 7 - I .0 5 2
1 0 .191  30
0 .1 7  -O .97 22 1 .982  22
Table 1 .1 , co n tin u e d
(d )  A d d itio n a l O b je c ts , c o n tin u e d
HCS O ther
c a t . c a t .
no. nos.
1151-34 11-3 1
1201-041 -0 4 .4 o
1237-10
1240-20
I 252+ II*
275 .1
1421-49
1446+00 +OO.52
1452+16 306
1508-05 -0 5 .6 4
1549-79 Apus A N
1607+26 CTD 93
1730-13 N 530
1932-46 19-4  6
2012+23 409
2048-14 20-1 12
2103+12
2111-25
+12.72
2121+24 433
2126+07
2128-12
435
2128+04
2145+o6 +06.69
2145+15 437
2154-18 21-1 23
2159+04 +o4.7£>
2204-54
2216-28 22-2 1 ?
2216-03
2300-18
-O3.79
2328+10 +10.73
2331-41 23-4  4
2344+09*
2345-16
+09. 7^
2349-01
2354-11
-O I .61
I d e n t .  V B-Vc
db 16.9
QSO 17.6
b
QSO 16 .65  0 .35
E 1 7 .7
E 13 .5
QSO?
D l 8.0
S
QSO
db
17.8
16 .47 0 .4 4
QSO 1 5 .9 8 0 .13
b
QSO 16 .47 0 .4 l
E l 8.0
S 15.8
QSO
N 17 .17 0.62
QSO
QSO
N
QSO
15.92
17.8
15.8
1 8 .4
0 .2 3
U-B Ref. z
- 0.75 26 O .87I
2
1 0 .1025
-O .67 27 0 .501
-0 .7 9 1 ,2 7 (0 .3 6 7 )
-O .19
1
1,2
O.898
0 .129
-O .61 27 (0 .6 7 7 )
0.600
0 .174
Ref.
8
29
29
17
29
20
25
29
12
3
4
5
6
7
8
9
10
11
12
13
14
15
l6
IT
18
19
20
21
22
23
24
25
26
27
28
29
30
Notes Table 1 .1
Sandage, to be published.
Westerlund and Wall, 1969
Kinman, private communication to Bolton
Bolton, estimated from Palomar Sky Survey plates or prints and 
rescaled by the author 
Ekers, 1967
Humason, Mayall and Sandage, 1956
Schmidt, 1965
Schmidt, 1966
Schmidt, 1968
Sandage, 1966
Sandage, 1967a
Sandage, 1967b
Sandage, 1967c
Burbidge, 1966
Burbidge, 1967a
Burbidge, 1967b
Burbidge, 1968
Burbidge, Lynds and Stockton, 1968 
Burbidge and Kinman, 1966 
Kinman and Burbidge, 1967 
Kinman, 1967 
Bolton and Kinman, 1966
Bolton, Shimmins, Ekers, Kinman, Lamia and Wirtanen, 1966
Bolton, Kinman and Wall, 1968
Bolton, private communication
Bolton, Clarke, Sandage and Veron, 1965
Kinman, Bolton, Clarke and Sandage, 1967
Arp, Bolton and Kinman, 1967
Searle and Bolton, 1968
Lynds, 1967
Notes : Table 1.1, continued
31 de Vaucouleurs and de Vaucouleurs, 1967
32 Evans, 1967
33 Wills, 1967
34 Sargent, 1967
35 Dibai and Esipov, 1967
36 Matthews, Morgan and Schmidt, 1964
37 Westerlund, private communication to Ekers, 1967
38 Bolton, private communication
* These sources are variables.
/ Vc from reference 1 were already corrected for aperture effect, 
galactic absorption and K-dimming. Approximate corrections have 
been applied to other V magnitudes by the author.
+ The above corrections have not been applied to B-V, U-B.
= The above corrections have been applied to B^V^.
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CHAPTER 2
FLUX DENSITIES TECHNIQUES
2.1 The Observations
The relative spectra of about 300 sources have been obtained 
to an accuracy of a few percent at frequencies between 467 and 5000 MHz. 
The Parkes 210' telescope was used for observations at 635* 9^0, l4l0, 
2650, (2700) and 5000 MHz while at 467 (and l40l) MHz the 60’ and 210’ 
telescopes were used together as an interferometer. At the higher 
frequencies, some observations were repeated every few months in attempts 
to measure time variations.
Most observations at 5000 MHz during 1968 were made as part of 
a larger program. Similar observation and reduction techniques were 
employed as described elsewhere by Shimmins, Manchester and Harris (in 
press). These were supplemented where necessary by total power 
observations obtained as a by-product of a 5000 MHz polarization program 
(Morris, Whiteoak and Gardner, in preparation).
The accuracy, and hence the techniques, of flux density 
measurements are determined by
(i) methods of flux density calibration,
(ii) equipment - telescope-feed and receiver systems,
(iii) other factors depending on frequency.
These will be discussed in turn -
(i) Flux density calibration. The calibration of the sensitivity of 
the receiving system was achieved at all frequencies through observations 
of one or more of a series of standard sources (calibrators) at intervals 
of roughly two hours. These sources were either taken from the list of
12
suggested calibrat.ors of Kellermann (1964 c) or were measured on the 
Kellermann-Parkes flux density scale during the present program.
(ii) Equipment. Tables 2.1 and 2.2 present data on the telescope- 
feed systems and receivers used. Table 2.2 also includes the observed 
peak-peak noise at each frequency.
At all frequencies the gain variation of receivers throughout 
a night was monitored by repeated observations of calibration sources 
and/or a noise calibration signal measured twice during every observation 
of a source.
From 5000 to 635 MHz non-linearity of the receivers was 
measured by the method of IKomesaroff and Mathewson (1962). The 
linearity of the 467 MHz multiplier and succeeding stages was checked 
by injecting known steps of correlated noise into both sides of the 
multiplier and found to be better than . 5$>•
(iii) Factors depending upon frequency, for pencil beam observations.
(a) The probability of confusing sources stronger than 
S( (f.u.) in the telescope beam
~ constant S ( 1 5 f 3 2 . (Fig* 2.1)
Hence on-source - off-source measurements were made at 5000 (CSIRO 
receiver),, 2650 and 960 MHz, and scans at 5000 MHz (Greenbank receiver), 
at 2700 MHz (where S( ~ .005 f.u.), and 635 MHz. Because l4l0 MHz 
observations were made simultaneously with those at 635 MHz, the scanning 
technique was also used.
(b) Over the frequency range of the present observations 
galactic background-brightness and its irregularities vary as
~ 4.10 16 fMu*6 watt m 2 (c/s) 1 ster 1 (Fig. 2.1)
TABLE 2 .1
TELESCOPE-FEED SYSTEMS
F req u en cy In s tru m e n t Type o f  f e e d P rim a ry  
h a lf - p o w e r  
heam w id th
( "  a r c )
467
( 2 1 0 - f t  - 6 0 - f t 1 h a lf -w a v e  d ip o le s
148
1401 ( i n t e r f e r o m e te r h a lf -w a v e  d ip o le s 42
655 2 1 0 - f t  t e l e s c o p e h a lf -w a v e  d ip o le s 3 0 . 5
960 M r e c t a n g u l a r  h o rn 2 0 .2
l4 io M h a lf -w a v e  d ip o le s 1 5 . 5
2650 T T T .R .G . s c a l a r  f e e d 8 . 3
2700 I ! 2c o r  r u g a t  e d-w ave g u id e 8 .0
5000 T T r e c t a n g u l a r  h o rn 4 . 3
5000 T T 2c 0 r  r u g a t  e d-w ave g u i de 4 . 0
1 C o le , 1967
2 M in n e tt  and  Thomas, 1966
TABLE 2 .2
RECEIVER PARAMETERS
Freq. Type o f R eceiver
(MHz)
467 /p h a s e d  locked^
l 40i / c r y s t a l  m ixer
635 sw itch ed  paramp.
960 sw itch ed  c r y s t a l  m ixer
l 4l 0 sw itch ed  paramp.
2650 sw itch ed  param p.^
2700 tw in  p a ra m e tr ic , c o r r e l a t i o n '
5000
II
sw itch ed  tu n n e l-d io d e  m ixer
5009 A .I.L o  c ry o g en ic  p a r a m p .5
I .F . O v e ra ll O utput Peak
Band- System Time- to
w id th  Tem perature C onstan t Peak
n o is e
(MHz) ( UK) ( f . u .
10 450 1 ( 0 . 5 )
10 400 1 ( 0 . 5 )
8 l8 0 2 0 .5
10 450 2 0 .8
10 120 2 0 .4
50 l8 0 2 0 .2
400 100 2 0 .0 6
200 800 2 0 .7
250 120 2 0.15
1 C ole, 1967
2 Cooper, C ousins and G rüner, . 1964
3 B a tc h e lo r , Brooks and Cooper, 1968
4 R ece iv e r  d e s ig n ed  and c o n s tru c te d  by F. Tonking
5 On lo a n  from N .R .A .O ., G reenbank
*
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In  th e  p r e s e n t  program , o n ly  two so u rces  n e a r  th e  g a l a c t i c  
p la n e  a re  n o t ic e a b ly  a f f e c t e d  a t  f re q u e n c ie s  above 960 MHz. Background 
i r r e g u l a r i t i e s ,  to g e th e r  w ith  c o n fu s io n  d e te rm in ed  th e  scan n in g  
te c h n iq u e  a t  635 MHz.
( c )  The a p e r tu r e  e f f i c i e n c y  o f  th e  210 ' a e r i a l  (F ig . 2 .1 )  
and i t s  v a r i a t i o n s  w ith  changing  z e n i th  an g le  (F ig . 2 . 2 )  r e s t r i c t  
a c c u ra te  o b s e rv a tio n s  to  f re q u e n c ie s  o f  5000 MHz o r  l e s s .
At 1^10 MHz th e  dependence o f  system  g a in  on z e n i th  a n g le  i s  
ex p ec ted  to  be l e s s  th a n  1%, and a t  low er f re q u e n c ie s  much l e s s  th a n  
Vjo, T h is  e f f e c t  was m easured a t  5000 MHz and 2650 MHz by o b se rv in g  
s tro n g  so u rc e s  o v e r a range o f  z e n i th  a n g le s , m eanwhile m o n ito rin g  
g a in  changes e i t h e r  by th e  n o is e  c a l i b r a t i o n  s ig n a l  o r  by re p e a te d  
o b s e rv a tio n s  o f  a so u rce  whose z e n i th  an g le  changed v e ry  l i t t l e .
To reduce  u n c e r t a i n t i e s  in  r e l a t i v e  f lu x  d e n s i t i e s  due to  
change o f  g a in  w ith  z e n i th  a n g le , o b s e rv a tio n s  a t  5000 and 2650 MHz 
were r e s t r i c t e d  a s  f a r  a s  p o s s ib le  to  z e n i th  a n g le s  n e a r  50° . 
O b se rv a tio n s  made a t  o th e r  z e n i th  a n g le s  were c o r r e c te d  to  50° as  
d e s c r ib e d  u n d er R ed u c tio n  T echn iques.
(d )  A e r ia l  p o in t in g  and r e s o lu t io n  e r r o r s  become im p o rta n t 
in  p ro p o r tio n  to  th e  sq u are  o f  th e  beam width, hence f  . At 
f re q u e n c ie s  o f  1^10 MHz and below  th e  te le s c o p e  was s e t  on p re c e s se d  
p o s i t io n s  from th e  P ark es  t r a n s i t  p o s i t io n  program  (Shimmins, C la rk e  
and E kers (1966 ); Shimmins ( 1 9 6 7 ); M e rk e li jn , Shimmins and B o lton  
(1 968 )) w h ile  scan n in g  in  th e  o th e r  c o -o rd in a te .  The s e t  p o s i t io n s  
were checked by m easu rin g  th e  s c a n s .
BT
n
1.00
—  5000
1.00
Mar. 1Q66
1.00
2T00 MHz
theoreticalcurve
Zenith RangeFigure 2.2
Ik
For so u rc e s  s t r o n g e r  th a n  2 .5  f . u .  a t  5000 MHz and 3 f . u .  a t  
2650 MHz, th e  te le s c o p e  p o in t in g  was checked by s e t t i n g  th e  te le s c o p e  
on th e  p re c e s s e d  t r a n s i t  r i g h t  a s c e n s io n . The r e c e iv e r  o u tp u t l e v e l  
was re c o rd e d  a t  ~ ( h a l f  power beam w idth) so u th  o f  th e  p re c e s se d  t r a n s i t  
d e c l in a t io n ,  th e n  n o r th  o f  t h i s  d e c l in a t io n  to  a s e r i e s  o f  p o s i t io n s  
so t h a t  th e  d e c l in a t io n  o f f s e t  f o r  an o u tp u t l e v e l  e q u a l to  t h a t  o f  
th e  so u th e rn  o f f s e t  co u ld  be e s t im a te d .  The average o f  th e s e  two 
gave th e  p o in t in g  e r r o r  and hence th e  a p p a re n t d e c l in a t io n  u sed  f o r  
th e  o n -so u rc e  p o s i t i o n .  The a p p a re n t r i g h t  a sc e n s io n  was d e te rm in e d  
in  a s im i la r  m anner.
For w eaker so u rc e s  th e  p re c e s se d  t r a n s i t  p o s i t io n  was 
assumed c o r r e c t ,  s in c e  e r r o r s  in  m easuring  th e  p o s i t io n  were g r e a t e r  
th a n  th e  com bined r .m .s .  e r r o r s  o f  0 i 6 in  th e  t r a n s i t  p o s i t io n  and 
- te le sco p e  p o in t in g .  These e r r o r s  c o rre sp o n d  to  7 and 1 .2 $  r e d u c t io n  
in  d e f l e c t i o n  ( a t  5000 and 2650 MHz r e s p e c t iv e ly ) ,  w hich i s  n o t 
g r e a t e r  th a n  e r r o r s  due to  n o is e  and s c a l in g .
( e )  V a r ia t io n s  o f  a tm o sp h eric  t r a n s m is s io n  m ain ly  w ith  tim e  
and z e n i th  an g le  in c re a s e  r a p id ly  above 5000 MHz (F ig . 2 .1 )  - a n o th e r  
rea so n  f o r  r e s t r i c t i n g  th e  z e n i th  an g le  o f  o b s e rv a tio n  a t  5000 and 
2650 MHz.
( f )  A verage l i n e a r  p o la r i z a t io n  in c re a s e s  w ith  in c r e a s in g  
freq u en cy . O b se rv a tio n s  were made a t  o r th o g o n a l fe e d  a n g le s .  The 
sum o f  th e  d e f l e c t i o n s  i s  th e n  p r o p o r t io n a l  to  th e  t o t a l  f lu x  d e n s i ty .
(g )  The av erag e  so u rce  spectrum  i s  o f  th e  form S « f  ' 8 
so th e  s ig n a l  to  n o is e  r a t i o  d e c re a se s  w ith  frequency , f o r  c o n s ta n t
system  n o is e .
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I n te r f e ro m e te r  o b s e rv a tio n s  a t  467 MHz c o n s id e ra b ly  reduce 
e r r o r s  due to  g a l a c t i c  background , and in  many c a se s  a llo w  c o r r e c t io n  
f o r  c o n fu s in g  so u rces  up to  2 0 ' away from th e  main so u rc e . F ig u re  
2 .5  com pares o b s e rv a tio n s  o f  a co n fu sed  sou rce  n e a r  th e  g a l a c t i c  p lan e  
made w ith  a  p e n c i l  beam scan  and an in te r f e r o m e te r  a t  467 MHz.
In  g e n e ra l,  o b s e rv a tio n s  a t  t h i s  freq u en cy  c o n s is te d  o f  
re c o rd in g  s e v e ra l  f r in g e s  o f  p e r io d  abou t 50 se c . a t  th e  minimum and 
maximum b a s e l in e s  o f  450 ' (a b o u t 200A a t  467 MHz) and 1 550 ’ (650A a t  
467 MHz). The v i s i b i l i t y  fu n c t io n  was reco rd ed  betw een 200A a t  467 
MHz and 1900A a t  l4 0 1  MHz and u sed  to  e x t r a p o la te  th e  v i s i b i l i t y  
fu n c tio n  to  ze ro  b a s e l in e .
S ources known to  show complex s t r u c t u r e ,  from th e  r e s u l t s  o f  
M altby and M offet (1 9 6 2 ), and E kers (1967 , t h e s i s )  were ex c lu d ed  from 
th e s e  o b s e rv a t io n s .  Some so u rc e s  known to  be u n re so lv e d  o r  b a r e ly  
re s o lv e d  were o b serv ed  a t  a  s in g le  b a s e l in e ;  y e t  o th e r s  were o b se rv ed  
a t  th e  s h o r te s t  b a s e l in e  and t h i s  in fo rm a tio n  supplem ented  by 
o b s e rv a tio n s  from a c u r r e n t  su rv ey  o f  a n g u la r  s t r u c tu r e  b e in g  made w ith  
th e  same in s tru m e n t, m ain ly  betw een  d e c l in a t io n s  0° and -50° (C o le , 
M ilne and W all, 1967 ). The few so u rc e s  known to  have p o la r i z a t io n  
g r e a t e r  th a n  2°jo were c o r r e c te d  u s in g  th e  r e s u l t s  o f  G ardner and 
W hiteoak (1 966 ).
2 .2  R eduction  T echniques 
Z e n ith  Angle E f f e c t .
F ig u re  2 .2  p r e s e n ts  m easurem ents o f  th e  z e n i th  a n g le  e f f e c t ,  
w ith  f ix e d  focus s e t t i n g ,  f o r  -
5000 MHz - b e fo re  th e  r e s e t t i n g ,  a t  C hristm as 19^5* o f  th e
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surface panels of the aerial to give an optimum 
paraboloid at 35° zenith angle.
5000 MHz - after the resetting of the reflector.
2650 MHz - before "
2650 MHz - after " " " " "
2700 MHz -
The heavy curves give the results of least squares fits of the data 
shown, to positive and negative zenith angles. These were used to 
correct all data obtained before and after Christmas, 1 9 6 5.
At 5000 MHz repeated determinations of the zenith angle effect 
showed differences of a few percent, presumably mainly due to variations 
in atmospheric water content.
At 2650 and 2700 MHz all data obtained fitted the curves shown 
within the observational scatter.
Linearity.
Examples of measurements are given in Figure 2.k. Observed 
deflections were corrected by the multiplying factor (l + kD). D is 
the observed source deflection measured in the same units as the 
ordinate and k is half the slope of the straight line fitted to the 
observations in Figure 2.k. Typical corrections for moderately strong 
sources were less than 2 - 3$. Corrections of up to 10$ were 
necessary in extreme cases for very strong sources, such as 1226+0 2.
The Reduction Process.
All on-source/off-source observations were digitized and 
processed with two programs developed by Dr. J. Roberts of CSIRO for 
the CDC 3200 computer (of CSIRO Division of Computing Research). Scans
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and interferometer observations were reduced by hand.
The first program computed, for each source observation, 
average values of source deflection corrected for pointing errors, 
calibration signal, sidereal time and zenith angle. The second 
program -
1. determined the ratio of average source deflection to average 
deflection on the calibration signal (optional),
2. allowed incorporation of undigitized observations.
To either the above ratio or source deflection directly, the program 
then
3. corrected for non-linearity of the receiver output,
4. reduced observations to a zenith angle of 50°>
5. after making the above corrections, multiplied by a factor 
to scale ratios or deflections to flux densities.
Peak deflections and apparent positions of scans were 
measured from analogue records, and the above reductions were made by 
hand.
At all frequencies, different nights within an observing run 
were scaled by comparing sources observed in common to pairs of nights. 
Flux Density Scaling.
At 5000 MHz, ratios were scaled in step 5 of the program.
As there are at present no reliable absolute flux density measurements 
at this frequency, the scaling factor was based on an assumed value of 
lJ.O for HydraA(FKS 0915-ll)> obtained by extrapolating its low 
frequency spectrum. This method was preferred to using several sources 
as at lower frequencies because a) there is no real justification for
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assuming a power law spectrum for any source. If Hydra A's absolute 
flux density at high frequencies is reliably determined in the future, 
rescaling the present fluxes will be simple.
b) At the time the observations were made it was not known 
which sources showed secular variations in flux density. However it 
was thought probable that Hydra A, being a relatively nearby galaxy, 
might have constant radio emission.
At 2650 MHz the noise calibration signal was unstable, up to 
and including the observing run of December 1985* Repeated 
observations of calibration sources were therefore used to determine 
the variation of gain throughout a night. For the runs of 1966 and 
1967^ comparisons of variation with sidereal time of deflections on 
calibration sources with variation of the calibration signal showed 
that a smooth curve through the latter could be used to determine the 
gain variation. Under normal conditions this was less than a few 
percent.
At this frequency (2650 MHz) scaling to flux densities was 
such, that the mean flux density of 04l0-75> tor a whole run, became 
7.80 f.u. An exception to this was for the run In 1967 January, when 
other calibration sources were also used.
At other frequencies the flux densities were scaled using a 
number of sources measured by Kellermann (196^). Figure 2.5 
illustrates the determination of these scaling factors.
Corrections for Resolution.
Corrections for resolution of radio sources to obtain
integrated flux densities were made as follows:
Figure 2.5 Example of determination of the factor to 
scale observed deflections of radio sources to flux 
densities.
0850-20
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(i) Where an estimate of only total dimensions was available, the 
calculated correction was
0.693 dTO dNs
where d^, d ^  are Gaussian source diameters in orthogonal directions, 
and b is the half-intensity beamwidth.
(ii) For double sources of equal component-intensity the correction
is
1 + 0.693 (dP + s2)
where s is component separation. For unequal diameter components the 
correction is the geometric mean of corrections which would apply for 
each component separately.
(iii) For unequal intensity doubles, a weighted mean correction 
was calculated from those for individual components, assuming that the
telescope was pointed at the centroid of the radio emission.
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CHAPTER 3
FLUX DENSITIES : RESULTS
The new Parkes flux densities, obtained by the methods described 
in the previous Chapter, are presented in Table 3*1* The first and 
second columns headed "5000" contain flux densities obtained with the 
CSIRO and Greenbank receivers respectively. An asterisk in the last 
column refers to notes following the Table. Root mean square errors are 
given in parentheses. The second line for each source gives flux 
densities corrected, if necessary, for resolution. Flux densities in 
parentheses may vary with time, and are discussed separately.
Flux density errors
The r.m.s. errors for a single source observation were estimated 
by two methods -
(i) from two independent deflections at each feed angle during a 
single observation,
(ii) from observations of the same source on different days and 
observing runs.
These errors were consistent with a Gaussian distribution, of 
variance cr2 + cr2S2, where S is flux density. Table 3.2 gives cr^  and ap 
for different frequencies.
Included in method (i) are errors due to equipment and 
atmospheric noise, rapid fluctuations in sensitivity, and confusion.
As well, method (ii) takes account of scaling errors, errors in 
corrections for non-linearity and zenith angle effect. For very strong 
sources, there may be systematic non-linearity errors.
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The error given in the table of flux densities is generally
l/2that of method (ii) divided by (no. of observations) 1 . Occasionally 
larger errors are given where the record was affected by equipment 
trouble, interference, poor atmospheric or ionospheric conditions, or 
observing too close to the sun. Errors given for interferometer flux 
densities include uncertainty in extrapolating the visibility function 
to zero baseline. Other factors affecting the accuracy of individual 
sources are noted at the end of the table.
The relative scaling of flux densities, one frequency to 
another, has been checked by investigating the deviations of measured 
flux densities from the best-fitted spectra for 12 moderately strong 
sources. The scatter in the deviations was consistent with the errors 
as estimated by method (ii).
Since this thesis is concerned only with comparison of spectra, 
the relation of these flux densities to an absolute scale is not 
important. However, they are probably within 71° >
Additional Flux Densities
Incomplete data for the above sources in the frequency range 
of the author's observations has been supplemented by NRAO results at 
750, l4l0, and 2695 MHz, and by CalTech flux densities at 1425 MHz 
(Table 3*3)•
To extend spectra to lower and higher frequencies, data has 
been obtained from the references given in Table 3*3» Where necessary 
these flux densities have been multiplied by factors to match the scale 
defined by Kellermann (l964a,b,c). The uncertainty in absolute
calibration of the Cambridge flux densities at 38 and 178 MHz is about
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±15 and ±10 p e r  c e n t r e s p e c t iv e ly  (K ellerm ann , P a u lin y -T o th  and W illiam s, 
196 8 ).
T ab le  3*4 sum m arizes c h a r a c t e r i s t i c s  o f  th e s e  o b s e rv a tio n s  
r e le v a n t  to  th e  i n t e r p r e t a t i o n  o f  s p e c t r a  d e r iv e d  from them.
Column 1 . F requency o f  o b s e rv a tio n  (MHz).
2 . R eference  number from  Table 5*5.
3 . T elescope  system : SP, sy n th e s iz e d  p en c il-b eam ; P,
p en c il-b eam ; I ,  in te r f e r o m e te r ;  S I, 4c a p e r tu re  
s y n th e s is  in te r f e r o m e te r ;  X, M ills  c ro s s .
4 . Beam widths, a n d /o r  r e s o lu t io n .
5* The f lu x  d e n s i ty  s c a le  o f  th e  o b s e rv a tio n s :  CKL
(Conway, K ellerm ann and Long, 1963)* o r  KIK (K ellerm ann , 
1964 ).
6 . F lux  d e n s i ty  s c a l in g  c o r r e c t io n  f a c t o r .
7 . I f  th e  f lu x  d e n s i t i e s  a re  th e  r e s u l t  o f  a su rv ey  a t  t h a t  
freq u en cy , th e  low er l i m i t  o f  co m p le ten ess  i s  g iv en .
8 . N oise and co n fu s io n  e r r o r s  ( f . u . ).
9- Numbers r e f e r  to  n o te s  a t  th e  end o f  th e  t a b l e .
Cambridge I 78 MHz r e s u l t s  were u sed  in  th e  fo llo w in g  o rd e r  o f  
p re fe re n c e  -
W illiam s e t  a l .  (1968 ),
B en n e tt (1 9 6 2 ) (3CR T o ta l  power o b s e rv a t io n s ,  w hich a re  n o t a f f e c te d  
by r e s o lu t io n ,  as th e  fo llo w in g  may be ) ,
C la rk e  (1 9 6 4 ), W ills  and P a rk e r  (1 9 6 6 ),
P i lk in g to n  and S c o tt  (1 9 6 5 )* Gower, S c o tt  and W ills  ( 1 967 ) (4C
c a ta lo g u e ).
TABLE 3 . 1
PARKES ACCURATE PLUX DENSITIES
( a ) QSOs
C a t a lo g u e
“ r  S46T S580 S635
1 0003 -00
2 0017+15
3 0021-29
4 0056-00
5 0155-10
6 0157-31
7 0159-11
8 0202-76
9 0229+13
10 o34o+o4
11 0349-14
12 0 3 5 0 -0 7
13 0403-13
14 0405-12
15 0408-65
16 0518+16
17 0725+14
18 0758+14
19 0802+10
20 0812+02
21 0825-20
22 0837-12
23 0838+13
24 0850+14
25 0859-14
26 1040+12 
27^  1048-09
28 1055+01
29 1116+12
7 . 4 8  ( O .25 )  
7 .55  ( 0 . 1 1 ) 
6 .7 5  ( 0 . 7 7 )  
7.43
3 . 9 7  ( 0 . 7 7 )
8.68  ( 0 . 66 )
4 .5 5  ( 0 . 0 1 )  
7 .3 5  ( 0 . 3 9 )
7 . 5 7  ( 0 . 7 7 )  
8 . 7 1  ( 0 . 7 7 )
8 . 0 7  ( 0 . 7 7 )
6 . 3 1  ( 0 . 0 1 )
6 . 3 7  ( 0 . 7 7 )  
4 0 . 0 9  ( 2 . 3 0 )  
1 4 .7 3  (O.IO)
5 .5 7  ( 0 . 4 3 )
7 . 1 4  ( 0 . 7 7 )
9 .1 2  ( 1 . 3 3 )
4 .4 2  ( 0 . 3 8 )
7 .2 3  ( 1 . 3 3 )
5 . 9 8  ( 0 . 7 7 )
6 . 9 5  ( 0 . 3 5 )  
5 .0 4  ( 0 . 7 7 )
4 , 0 0  ( 0 . 3 3 )  
3 . 4 4  ( 0 . 4 5 )
5 .1 3 (0 .2 0 )
5 .8 9  ( 0 . 2 0 )  
1 4 . 8 9  ( 0 . 3 5 )
7 . 5 4  ( 1 . 1 0 )  
5 . 1 0  ( 0 . 1 4 )  
5 .2 5  ( 0 . 2 0 )
3 .2 2  ( 0 . 1 7 )
4 .0 6  ( 0 . l 8 )
7 . 0 6  ( 0 . 2 3 )
4 .2 3  ( 0 . l 8 )  
5 .2 6  ( 0 . 2 0 )
4 , 6 9  ( 0 . 1 9 )  
6 . 5 4  ( 0 . 2 2 )
6 .0 3  ( 0 . 2 1 )
5 .7 7  ( 0 . 1 5 )  
( 4 . 9 9 ) ( 0 . 1 1 )  
33 -97  ( 0 . 6 1 )  
1 4 .1 0  ( 0 . 1 0 )  
4 . 4 1  ( 0 . 1 3 )
3 -7 7  ( 0 . 1 3 )
6.86 (0.13)
3 .35 (0 .1 0 )
4 . 7 0  ( 0 . 1 9 )  
5 .7 7  ( 0 , 2 1 ) 
4 .2 5  ( 0 . 1 1 )
5.73 (0 .1 2 )
3 . 9 9  ( 0 . 1 3 )
( 4 . 1 )  ( 0 . 1 5 )  
3 . 1 7  ( 0 . 1 7 )
S96o
4 ,9 9  ( 0 , 0 8 )
2 . 9 8  ( 0 . 0 9 )  
4 .1 2  ( 0 . 1 3 )
2 . 8 3  ( 0 . 0 9 )
2 . 9 9  ( 0 . 1 3 )  
5 14 ( 0 . 1 4 )
3 .4 3  ( 0 . 1 3 )
3 . 3 8  ( 0 . 1 3 )
3 .6 2  ( 0 . 1 3 )  
4 . l 8  ( 0 . 0 6 )
4 .1 1  ( 0 . 0 7 )
4 . 8 7  ( 0 . 0 8 )  
( 3 . 6 )  ( 0 . 0 8 )
2 2 .4 3  ( 0 . 2 4 )  
1 1 . 1 4  ( 0 . 1 4 )
2 . 9 5  ( 0 . 1 3 )
3 .4 6  ( 0 . 1 3 )  
2 . 7 1  ( 0 . 1 3 )
2 . 6 9  ( 0 . 1 3 )  
4 . 8 l  ( 0 . 1 0 )
2 . 5 5  ( 0 . 1 3 )
3 .3 5  ( 0 . 1 3 )  
3 .4 1  ( 0 , 1 3 )  
3 . 5 0  ( O .09 )
4 . 3 9  ( 0 . 0 8 ‘)
2 . 8 8  (O0O7)
2 . 7 8  ( 0 . 2 4 )
TABLE 3.1
PARKES ACCURATE FLUX DENSITIES
( a )  QSOs
Sl 4lO S2650 S2700 S5000
1 2 . 3 8  ( 0 . 0 2 )
2 2.14 ( 0 . 0 8 ) 1 . 0 2  ( 0 . 0 2 )
3 2 . 8 1 ( 0 . 1 2 ) 1.64  ( 0 . 03 ) 1.70
4 2.51 ( 0 . 1 2 ) 1 . 9 8
5 2 . 0 1 ( 0 . 1 1 ) 1.30
6 2 . 2 8  ( 0 . 0 3 )
7 3 .1 0 ( 0 . 1 3 ) 2 . 0 0  ( 0 . 04 )
8 2.40 ( 0 . 0 8 )
9
10 2 .9 2 ( 0 . 1 3 ) 1 . 5 6  ( 0 . 04 )
11 2 .8 5 ( 0 . 1 2 ) 1.52
1 . 5 8
12 2 . 8 6 ( 0 . 0 9 ) 1.50
13 4.01 ( 0 . 0 8 ) 2 . 8 7  ( 0 . 0 2 )
14 (2 . 9 ) ( 0 . 3 ) ( 2.35  ) ( 0 . 03 )
15 15.07 ( 0 . 40 ) 7 . 2 9  ( 0 . 0 6 )
16 8.59 ( 0 . 24 ) 6 . 2 8  ( 0 . 0 3 )
17 2 . 1 9 ( 0 . 0 8 ) 1.27
18 2.55 ( 0 . 1 2 ) 1.47
19 1.84 ( 0 . 1 1 ) O.92
20 2 .0 5 ( 0 . 0 8 ) 1.17
21 3 . 6 8 ( 0 . 0 8 ) 2.13 ( 0 . 03 ) 2 . 1 2
22 1 . 8 6 ( 0 . 0 6 )
23 2 . 6 9 ( 0 . 1 2 ) 1.79  (0 . 03 ) 1 . 8 8
2 k 2 . 4 7 ( 0 . 0 8 ) 1 . 1 7  ( 0 . 0 2 ) 1 . 2 0
25 3 . 2 8 ( 0 . 0 8 ) 2 . 8 8  ( 0 . 0 5 ) 2.93
26 3.34 ( 0 . 0 8 ) 2 . 1 8  ( 0 . 0 2 ) 2 . 2 0
27 2 . 1 6 ( 0 . 0 8 ) 1 .2 2
1.24
28 ( 3 . 1 ) ( 0 . 1 ) ( 3 . 0 )  ( 0 . 1 )
29 2 . 3 8 ( 0 . 1 2 ) ' 1 . 8 5  ( 0 . 04 )
1 . 5 9  ( 0 . 1 1 ) 1.44 (0 . 04 )
O.50 ( 0 . 0 3 )
( 0 . 04 ) 1 . 0 0
1 . 0 2
( 0 . 0 3 )
( 0 . 04 ) 1.37 ( 0 . 0 2 )
( 0 . 04 ) 0.74 ( 0 . 0 3 )
1 . 1 0  ( 0 . 1 8 ) 1.42 ( 0 . 0 5 )
1.44
1.32 ( 0 . 0 3 )
0 .8 6 ( 0 . 0 7 )
0 . 9 8 ( 0 . 0 3 )
0 .9 1 ( 0 . 0 3 )
( 0 . 04 ) 0.71 ( 0 . 0 3 )
O.81
( 0 . 04 ) 0 . (o.oiO
2.33 ( 0 . 0 5 )
3 . 2 8  ( 0 . 1 2 )  
4.11 ( 0 . 09 ) 4.04 ( 0 . 0 8 )
( 0 . 04 ) 0 . 7 2 ( 0 . 0 3 )
( 0 . 03 ) 0 . 8 8 ( 0 . 0 3 )
( 0 . 04 ) 0.47 ( 0 . 0 2 )
0.48
( 0 . 03 ) O.80 ( 0 . 0 2 )
( 0 . 03 ) 1 . 1 8 ( 0 . 0 3 ;
0.64 O O
0.77
( 0 . 04 ) 1.30 ( 0 . 04 )
( 0 . 03 ) 0.50 ( 0 . 13 ) 0.57 ( 0 . 0 6 )
(0 . 05 ) 2.31 ( 0 . 19 ) 2.29 ( 0 . 05>
(0 . 05 ) 0 . 8 0  ( 0 . l 8 ) 1.42 ( 0 . 04 )
( 0 . 03 ) 0.64 ( 0 . 04 )
O.67
( 3 . 2 8 ) ( 0 . o8 )  
1 . 2 7  (O .18 ) 1.51
-=j"0d
T able 3 .1 * co n tin u ed
( a )  QSOs, co n tin u ed
C atalogue *
number
FKS s b6-j
1 1127-14 6 .05 (0 .2 5 )
2 1136-13 10 .94 (0 .5 9 )
3 1226+02 54.52 (0 .5 0 )
4 1229-02
5 1232-24 5.40 (0 .7 7 )
6 1241+16
7 1253-05 (1 2 .2 ) ( 0 .3 )
8 1318+H
9 1327-21
10 1335-06
11 1354+19 4 .7 8 (0 .3 0 }
12 l4 l6 + 0 6 20 .23 (0 .7 7 )
13 1420-27
14 1422-29 5 .79 (0 .5 0 )
15 1453-10 9 .3 7 (0 .7 7 )
16 1510-08 2 .6 5 (0 .4 5 )
17 1524-13
18 1618+17 5.53 (0 .1 8 )
19 2115-30 6 .02 (0 .3 5 )
20 2135-14 9 .8 7 (0 .9 0 )
21 2209-K)8
22 2223-05 10 .0 8 (0 .8 5 )
23 2230+H 7.76 (0 .6 6 )
24 2249+18 5.22 (0 .77 .)
25 2251+15 15.15 (0 .7 7 )
S6 3 5 S96o
5 . 2 8  ( 0 . 1 2 )  
8 . 2 6  ( 0 . 2 6 )  
( 5 1 . 2 6 X 0 . 4 6 ) 
3 . 0 3  ( 0 . 1 7 ) 
4 . 4 2  ( 0 . 1 9 )
6 . 1 9  ( 0 . 1 5 ) 
5 .6 3  ( 0 . 1 4 ) 
( 4 6 . 6 ) ( 0 . 2 5 )  
2 . 6 6  ( 0 . 2 7 )
6 . 0 1  ( 0 . 2 1 )  
( 1 0 . 7 3 X 0 . 1 0 ) ( 1 0 . 4 3 X 0 . 0 9 )
3 . 2 8  ( 0 . 1 7 ) 
6 . 8 5  ( 0 . 2 3 )
i 4 . 9 4  ( 0 . 4 o )
4 . 8 o ( 0 . 0 5 ) 3 . 2 8  ( 0 . 1 3 )
( 3 . 1 )  ( 0 . 1 )
3 . 5 8  ( 0 . 1 3 )
4 . 3 5  ( 0 . 1 3 ) 3 . 0 9  ( 0 . 0 7 )  
4 . 9 3  ( 0 . 1 0 )
9 .8 2  ( 0 . 2 0 )  
7 . 6 6  ( 0 . 1 0 )  
3 . 4 8  ( 0 . 2 5 ) 
( 1 4 . 2 }  ( 0 , 2 )
2 . 3 8  ( 0 . 0 9 )  
7 . 6 9  ( 0 . 0 7 )  
7 . 5 5  ( 0 . 0 6 )  
2 . 6 6  ( 0 . 0 9 )  
( 1 2 . 8 3 X 0 . 0 7 )
T ab le  3 -1 , c o n tin u e d
( a )  QSOs, c o n tin u e d
Sl 4 l 0 S2650 S2700 S5000
c  r
5000
1 6 . 3 3 ( 0 . 1 0 ) ( 6 . 6 2 X 0 . 0 3 ) ( 6 . 5 4 ) ( 0 . 0 5 )
2 4 .0 3 ( 0 . 1 4 ) ' 2 . 7 6  ( 0 . 0 5 ) 1 . 8 8 ( 0 . 0 4 )
3 ( 4 3 . 0 ) ( 0 . 5 ) ( 4 2 . 8 )  ( 0 . 5 } ( 4 o . 9 )  ( 0 . 5 )
4 1 . 9 0 ( 0 . 1 1 ) 1 . 0 0 ( 0 . 0 3 ) *
5 2 .2 5 ( 0 . 1 2 ) 1 . 2 1  ( 0 . 0 3 ) 0 .6 3 ( 0 . 0 5 )
0 .8 2
6 2 . 9 0 ( 0 . 1 3 ) 1 . 6 5  (0 .03 ' ) 0 .9 6 ( 0 . 0 4 )
7 ( 1 0 . 7 ) ( 0 . 2 ) ( 1 2 . 4 )  ( 0 . 2 ) ( 1 4 . 9 )  ( 0 . 2 )
8 1 . 4 2  (0 .0 4 $ 0 .7 6 ( 0 . 0 3 )
9 1 . 7 3 ( 0 . 1 1 ) 1 . 2 8  ( 0 . 0 4 ) 0 . 9 0 ( 0 . 0 3 )
10 3 .2 4 ( 0 . 1 3 ) I . 8 5  ( 0 . 0 3 ) 0 . 9 9 ( 0 . 0 4 )
l i 1 . 6 8  ( 0 . 0 3 ) 1 .5 2 ( 0 . 0 4 )
12 5 .7 9 O H 00 2 . 7 9  ( 0 . 0 3 ) 1 .5 5 ( 0 . 0 4 )
13 0 . 7 7 ( 0 . 0 3 )
14 2 . 3 4 ( 0 . 1 2 ) 0 . 8 0 ( 0 . 0 3 )
15 2 . 4 7  ( 0 . 0 2 ) 1 . 5 9  ( 0 . 1 8 ) 1 .4 2 ( 0 . 0 3 )
1 .4 5
16 ( 3 . 1 ) ( 0 . 1 ) ( 2 . 9 )  ( 0 . 2 ) ( 2 . 7 5 ) ( o . l 5 ) *
IT 2 . 8 1 ( 0 . 1 2 ) 1 . 1 9 ( 0 . 0 3 )
18 1 . 1 2  ( 0 . 0 4 ) 0 .6 2 ( 0 . 0 5 )
19
ONCVJ ( 0 . 0 8 ) ( i . 5 4 ) ( 0 . 0 4 ) ( 1 . 3 9 ) ( 0 . l 8 )
20 2 . 2 1  ( 0 . 0 5 ) 1 . 1 9 ( 0 . 0 3 )
2 . 2 7 1 . 3 6
21 1 . 9 9 ( 0 . 1 1 ) 1 . 5 1  ( 0 . 0 3 ) 1 . 1 6 ( 0 . 0 3 )
22 6 .1 1 ( 0 . 1 3 ) ( 4 . 5 6 X O . I O ) ( 3 . 6 8 ) ( 0 . 1 0 )
23 ( 6 . 7 0 X 0 . 0 8 ) ( 5 . 3 3 X 0 . 0 3 ) ( 5 . 3 0 ) ( 0 . 0 7 ) ( 3 . 9 l ) ( 0 . 1 5 ) ( 3 . 5 0 X 0 . 0 2 )
24 2 . 2 2  ( 0 . 2 2 ) 1 . 2 5  ( 0 . 0 4 ) 0 . 7 1  ( 0 . 0 3 ) *
25 ( 1 1 . 4 )  ( 0 . 4 ) ( 1 1 . 8 )  ( 0 . 2 ) ( 1 6 . 7 )  ( 0 . 5 )
T ab le  3 .1 » c o n tin u ed
( b ) R adio  G a la x ie s
C a ta lo g u e
nZler S^ 7  S580 s 635 S96o
1 0000-17 3 .0 9 (0 .0 9 )
2 0002+12 4 .96 ( 0 . 7J ) 3 .92 (0 .1 3 ) 2 .6 l (0 .1 3 )
3 0007+12 5 .75 (0 .1 3 ) 2 .5 5 (0 .1 3 )
4 0034-01 8 .72 ( O . n ) 6 .9 9 (0 .2 3 ) 5 .29 (0 .1 0 )
5 0035-02 13 .98 (0 .1 3 ) I I .3 6 (0 .2 3 ) 8 .10 (0 .1 2 )
6 0043-42 16 .62 (0 .9 5 ) 13 .13 (0 .1 6 ) 9 .95 (0 .1 8 )
7 0045-25 ä 00 ro (l.l+ o ) 9 .65 (0.11+) 7 .26 (0 .0 6 )
8 0051-03 5.13 (0 .7 7 ) 4 .50 (0 .1 3 ) 2 .01 (0 .0 9 )
9 0055-01 9 .76 (0 .7 5 ) 6 .73 (0 .1 5 )
10 0106+13 22 .69 (0.1+1)
11 0114-21 9 .2 9 (0.21+) 7 .25 (0 .0 7 ) 5.31 (0.01+)
12 0123-01 1 9 .5 8 (1 .3 3 ) 11 .26 (0 .1 6 ) 7 .70 (0 .1 6 )
7 .97
13 0124-HD8 3 .0 8 (0 .7 7 ) 2 .8 0 (0 .1 7 )
14 0131-36
15 0213-132 11.55 (1.1+0) 9 .52 (0 .2 0 ) 6 .4 4 (0 .0 9 )
16 0218-02 9 .81 (0 .7 7 ) 7 .7 7 (0 .1 2 ) 5 .19 (0 .1 0 )
17 0219+08 6 .1 3 (0.1+2) 4 .2 8 (0 .1 3 ) 3 .20 (0 .0 9 )
18 0240-00 10 .20 (0 .7 7 ) 8 .5 0 (0 .1 8 ) 6 .3 0 (0 .0 9 )
19 0255+05 10.02 (2 .0 0 ) 10 .78 (0 .2 2 ) 7 .81 (0 .1 1 )
20 0300+16 5.82 (0 .5 5 ) 4 .8 9 (0.11+) 3.-77 (0 .1 3 )
21 0305+03 12 .93 (1 .3 3 ) 10 .84 (0 .3 1 ) 8 .8 8 (0 .1 7 )
22 0307+16 13 .03 (1 .3 3 ) 9 .85 (0 .2 9 ) 6 .52 (0 .153
23 0320-37
Table 3 . 1 , continued
( b ) Radio G alaxies
Sl 4l 0 S2650 S2T00 S5000 S
/
5000
1 2 .1 2 ( o . n )
2 1 . 8 4 ( 0 . 0 8 )
1 . 9 1
3 1 . 9 0
C
O0d
4 4 . 0 0 ( 0 . 1 4 ) 2 . 5 5 ( 0 . 0 5 )
5 6 .2 1 ( 0 . 1 3 ) 4 . 0 7 ( 0 . 0 3 )
6 7 .6 6 ( 0 . 1 1 ) 4 . 7 6 ( 0 . 0 2 )
7 . 7 ^ 4 . 9 1
7 5 . 5 3 ( 0 . 1 0 ) 3 . 4 8 ( 0 . 0 2 )
3 . 5 0
8 2 . 1 5 ( 0 . 0 8 )
9 5 .2 8 ( 0 . 1 2 ) 3 . 5 1 ( 0 . 0 3 )
3 . 5 9
10 1 2 . 6 3 ( 0 . 3 4 ) 7 . 6 6 ( 0 . 0 9 )
1 2 .9 6 8 . 5 0
11 3 . 9 7 ( 0 . 0 5 ) 2 . 1 9 ( 0 . 0 5 )
12 5 . 4 2 ( 0 . 0 9 )
5 .8 1
13 1 .6 5 ( 0 . 1 1 )
1 4
15 4 .8 5 ( 0 . 1 1 ) 2 . 7 9 ( 0 . 0 3 )
16 3 . 5^ ( 0 . 0 7 ) I . 7 0 ( 0 . 0 3 )
1 7 2 . 3 6 ( 0 . 0 8 )
18 5.12 ( 0 . 1 2 ) 3 . 1 4 ( 0 . 0 3 )
1 9 6 .1 5 ( 0 . 1 3 ) 3 . 4 4 ( 0 . 0 4 )
3 . 7 5
20 2 . 9 0 ( 0 . 0 9 )
21 6 . 9 9 ( 0 . 2 1 ) 5 .0 8 ( 0 . 0 5 )
5 . 1 7
22 4 . 9 1 ( 0 . 1 6 )
2 . 5 8
0.91 ( 0 . 03 ) 
0 . 4l  ( 0 . 0 2 )  
0 . 7^
O .5 9  ( 0 . 0 2 )
0 . 6 1
1.49  ( 0 . l 8 )
2 . 5 2  ( 0 . 1 0 )  
2 . 6 7  ( 0 . l 4 ) 
2.95
1.54  ( 0 . 04 )*
1 .  56
2 . 6 5  ( 0 . 0 6 )  
2 . 8 0  ( 0 . 0 7 )  
3.10
1 . 5 0  ( 0 . l 8 ) 
1.53
2.03  ( 0 . 0 6 ) *  
2 . 0 8
0 . 5 8  ( 0 . 0 2 )  
2 . 1 8  ( 0 . 07 )* 
2 . 5 8
( 0 . 02-)
3 . 6 0  ( 0 . 0 6 )  
4 . 7 6
1 . 2 6  ( 0 . 0 3 )
o:?6)<°-°9)
1.79
0 . 7 2  ( 0 , 0 2 )
1 . 4l  ( 0 . 1 8 ) 1 . 7 3  ( 0 . 04 ) 
0 . 7 9  ( o . o 4 ) 
0 . 7 1  ( 0 . 0 2 )  
0.84
1.93  ( 0 . 04 ) 
1.53  ( 0 . 04 ) 
1 . 9^
1.19  ( 0 . 05 ) 
1.24
( 0 . 05 )
3.36 ( 0 . 20 ) 
3.49
3.34  ( 0 . 0 8 )  
3 . 6 0
1.33 ( 0 , 04 ) 
1.38
23
Table 3 °1 , continued
(b) Radio Galaxies, continued
Catalogue
number
FKS s 467 S58o S635 S96o
1
2
0320+05
0325+02
5• 5T ( 0 . 7 7 ) 
9 . 5 b  ( 1 . 1 0 )
4.75  ( 0 , 1 1 )  
7.94  ( 0 . 2 9 )
3.84  ( 0 . 1 3 )
6 . 0 3  ( 0 . 1 5 )
3 0331-01 5 .5 0  ( 0 . 2 0 ) 3.93  ( 0 . 0 9 ) 
4.20
4 0336-35 6.24  ( 1 . 3 3 ) 4 . 7 0  (O .19 ) 3 . 4 5  ( 0 . 0 9 )
5 0344-34 6 . 5 9  ( 0 . 2 2 ) 4 .5 5  ( 0 . 1 0 )
6 0346-27 3 . 7 8  ( 1 . 33 ) 1 .27  ( O . l l ) 1 . 2 9  ( 0 . 0 7 )
7 0349-27 1 0 .1 1  ( 0 . 1 7 ) 7 . 2 9  ( o . l l )
8 0356+10 24.28  ( 1 . 3 3 ) I 8 .8 O  ( 0 . 2 8 )
9 0427-53 7 . 0 9  ( 0 . 1 1 )
10
11
0430+05
0511+00
4 . 59 ( 0 . 2 2 ) ( 4 . 0 ) ( 0 . 1 )  
5 . 2 8  ( 0 . 2 0 )
( 4 . o4 ) ( o . o 6 ) 
3 .8 5  ( 0 . 0 9 )
12 0511-30 5.49  ( 0 . 2 0 ) 4 . 0 3  ( 0 . 0 8 )
13
14
15
16
0518-45
0521-36
0531+19
06 1 8 -3 7
31.93  ( 0 . 2 8 )  
11.97  ( 1 . 3 3 )
1 2 1 .1  ( 3 . 0 )  
123.4
2 8 .5 6  ( 0 . 3 0 )
1 1 5 . 0  ( 2 , 9 )
117.1
2 7 . 2 0  ( 0 . 1 5 ) 
1 1 . 1 0  ( 0 . 3 2 )  
4 . 9 7  ( 0 . 1 4 )
2 1 .0 2  ( 0 . 0 8 )  
8 . 5 7  ( 0 .1 7 ) 
3.75  ( 0 . 1 3 )
17 0625-35 8.32 ( 0 . 2 9 ) 7 . 8 0  ( 0 . 2 4 ) 7.46  ( 0 . 1 7 )- 5-77  ( 0 . 1 4 )
18 0642-43 3 . 1 2  ( 0 . 1 0 ) 2 . 3 7  ( 0 . 1 2 )
19 0715-36 4.24  ( 0 . 1 3 ) 2 . 9 8  ( 0 . 0 7 )
20
21
0718-  34
0 7 1 9 -  I I
3 . 7 8  ( 0 . 7 7 ) 
3 .48  ( 0 . 7 7 )
4.11  ( 0 . 1 3 ) 
2 . 7 6  ( 0 . 1 2 )
2 . 5 8  ( 0 . 1 3 ) 
2 . 0 5  ( 0 . 1 2 )
22 0724-01 6 .46  ( 0 . 4 5 ) 5 , 3 9  ( 0 . 2 0 ) 3 . 8 9  ( 0 . 0 9 )
Table 3 « l j c o n tin u e d
(b )  Radio G a la x ie s , c o n tin u e d
3l4 lO 32650 2700 5000 5000
1 2 . 8 2 ( 0 . 0 7 ) I . 6 0 ( 0 . 0 4 ) 0 . 8 4 ( 0 . 0 2 )
2 4 . 6 6 ( 0 . 0 9 ) 3 .0 2 ( 0 . 0 4 ) 1 . 5 0 (0 .0!*)
3 . 2 0 1 . 9 3
3 2 . 7 9 ( 0 . 1 2 ) 0 . 6 8 ( 0 . 0 1 )
3 . 1 7 0 . 7 0
4 2 . 4 2 ( 0 . 1 2 ) 1 . 3 8 ( 0 . 0 4 ) ( 0 . 0 7 )
2 . 4 8 1 . 5 2 1 . 0 3
5 3 . 4 1 ( 0 . 1 3 ) ( 0 . 0 7 )
3 . 5 2 0 . 9 3
6 1 . 3 3 ( 0 . 0 7 ) 1 . 3 0 ( 0 . 0 4 ) 0 . 8 3 ( 0 . 0 2 )
0 .8 5
7 5 . 3 5 ( 0 . 1 2 ) 2 . 9 8 ( 0 . 0 4 ) 2 . 9 8  ( 0 . 0 5 ) 1 . 3 5 ( 0 . 0 3 )
5 . 5 3 3 . 3 6 3 . 3 6 1 .9 2
8 1 0 .8 0 ( 0 . 2 1 ) 6 . 2 0 ( 0 . 0 7 ) 2 . 9 9 ( 0 . 0 6 )
1 1 . 1 5 7 . 0 1 4 . 2 8
9 5 . 2 3 ( 0 . 1 7 ) 3 . 1 7  ( 0 . 0 5 ) ( 0 . 0 9 )
5 . 4 8 3 . 7 8 2 . 9 3
10 ( 4 . 6 ) ( 0 . 1 0 ) ( 5 . 9 ) ( 0 . 2 ) , ( 6 . 8 ) ( 0 . 5 )
11 2 . 9 7 ( 0 . 0 9 ) 1 . 7 0 ( 0 . 0 4 ) 1 . 6 4  ( 0 . 0 4 ) 0 . 9 1 ( 0 . 0 3 )
0 . 9 9
12 2 . 9 8 ( 0 . 0 9 ) 0 . 4 8 ( 0 . 0 2 )
3 . 4 2 0 . 7 5
13 58 .6 ( 1 . 5 ) ( 1 . 1 )
6 4 . 2 2 4 . 8
1 4  ( 1 6 . 7 5 H 0 . 0 9 ) ( 1 1 . 7 6 H 0 . 0 7  > ( 8 . 0 5 X 0 . 0 5 )
( 0 . 0 5 )15 6 . 8 8 ( 0 . 2 0 ) 4 . 2 1  ( 0 . 0 6 ) 2 . 5 0
16 2 . 8 4 ( 0 . 1 2 ) 1 . 8 6 ( 0 . 0 4 ) 1 , 1 9 ( 0 . 0 5 )
1 . 9 0 I . 2 7
1 7 4 . 6 7 ( 0 . 0 9 ) 3 . 4 9 ( 0 . 0 5 ) ( 0 . 1 2 )
3 . 5 5 2 . 3 4
18 I . 9 0 ( 0 . 0 8 ) 1 . 0 1
1 . 0 2
( 0 . 0 4 )
0 . 5 4
( 0 . 0 5 )
1 9 2 . 2 2 ( 0 . 1 2 ) 1 . 1 8
1 . 2 2
( 0 . 0 4 )
0 . 7 2
( 0 . 0 6 )
20 2 . 0 7 ( 0 . 0 8 ) 1 . 3 3 ( 0 . 0 4 ) 1 . 0 0 ( 0 . 0 7 )
21 1 . 7 2 ( 0 . 0 8 ) 1 . 1 4  ( 0 . 0 3 ) 0 . 7 7 ( 0 . 0 5 )
O.78
22 2 .8 6 ( 0 . 0 9 ) 1 . 7 2 ( 0 . 0 4 ) 1 . 6 3  ( 0 . 0 4 ) O.85 ( 0 . 0 5 >
1 . 7 5 1 . 6 6 O.89
Table 3*1? co n tin u ed
(b )  Radio G a lax ie s , c o n tin u e d
C atalogue
number
PKS S967 S58o S635 ü96o
1 O8OO-O9 3 .96  (0 .1 8 ) 2 .7 7 (0 .1 3 )
9 .05 2 .8 8
2 O806-IO 10 .06  (1 .3 3 ) T-76 (0 .1 7 ) 5 .17 (0 .1 9 )
3 0812-02 9 .53  (0 .1 9 ) 2 .61 (0 .1 3 )
4 0818+17 2 .1 4 (0 .1 2 )
5 O819-3O 6 .8 7  (0 .7 7 ) 5 .66 (0 .1 5 )
6 O819-KD6 2 .8 4 (0 .1 3 )
7 0843-33 3 .92  (0 .1 0 ) 2 .81 (0 .0 9 )
8 0855+14 6 .7 7  (0 .1 9 ) 9 .90  (0 .1 9 ) 3 .51 (0 .1 3 )
9 0 9 1 5 -H 109 .7  ( 0 .5 ) 87 .5  (0 .6 ) 60 .4 (0 .3 )
10 0941-08 9 .1 9  (0 .7 7 ) 3 .67  (0 .1 2 ) 2 .8 9 (0 .0 9 )
l i 0945+07 16 .3 7  (1 .3 3 ) 9 .8 4 (0 .1 3 )
12 1116-46 9 .2 7  (0 .1 8 ) 2 .9 7 (0 .1 3 )
13 1123-35 9 .32  (0 .1 8 ) 3 .10 (0 .1 3 )
14 1142+19 IO .78  (0 .2 2 )
15 1159-10 2 .32 (0 .1 2 )
16 1214+03 5 .70  (O .77)
IT 1216+06 28 .17  (0 .3 2 ) 21 .56 (0 .1 6 )
22 .47
18 1221-42 9 .9 9  (0 .77 ). 3 .6 6  ( 0 . l 8 ) 2 .92 (0 .1 3 )
19 1222+13 12 .9 9  (1 -3 3 ) 9-95 (0 .2 0 )
20 1228+12 393- (1 0 .)
21 1233+16 9 .02  (1 .2 6 ) 9 ,3 8  (0 .1 9 )
22 1246-41 11 .5 3  (1 .3 3 ) 7 .16  (0 .1 7 )
Table 3 ° I j c o n tin u e d
(b )  Radio G a la x ie s , co n tin u ed
3l 4lO 32650 2700 5000 5000
1 2 . 1 0 ( 0 . 1 1 ) 0.96 ( 0 . 03) o . 4o ( o . o 4 ) \
0 . 3 1 (0 .0 U M
2 . 2 7 1.20 0.55 1
0.44 J
2 4.08 ( 0 . 1 0 ) 2.44 ( 0 . 0 3 ) ( 0 . 1 2 )
2 . 4 7 1 . 6 5
3 1 . 8 9 ( 0 . 0 8 ) O.96 ( 0 . 04) o . 4i ( 0 . 0 1 )
4 1 .9 6 ( 0 . 1 8 ) 1 . 0 8 ( 0 . 04 ) 0 . 6 8 ( 0 . 0 3 ) *
5 3 . 0 8 ( 0 . 0 9 ) 1 . 6 7 ( 0 . 0 b ) 1.79 (0 . 04‘) 0 . 7 0 ( 0 . 0 3 )
3.23 2.00 2.14 1.19
6 2 .1 3 ( o . n ) 0.91 ( 0 . 04 ) 0 . 2 6 ( 0 . 0 2 )
2 . 1 6 0.97 0.33
7 2 . 1 8 ( 0 . 0 k ) 1.46 ( 0 . 0 3 ) 1 . 0 ( 0 . 0 7 )
1 . 5 1 1 .0 5
8 2 .6 2 ( 0 . 0 9 ) 1.48 ( 0 . 04 ) 1 . 5 8 ( 0 . 04 ) O.83 ( 0 . 13 ) 0 . 9 0 ( 0 . 0 7 )
9 41.3 ( 0 . 3 ) 23.97 ( 0 . 0 6 ) 23 .6 2 ( 0 . 17 ) 13.05 ( 0 . 0 6 ) 1 3 . 0 8 ( 0 . 0 7 ) *
24.35 24.00 13.92
10 2.48 ( 0 . 0 8 ) 1 . 7 3 (0 . 03 ) 1 . 0 6 ( 0 . 0 3 )
11 7.27 ( 0 . 2 1 ) 4.31 ( 0 . 0 3 ) 4 .3 2 ( 0 . 0 6 ) 2.30  ( 0 . 13 ) 2 . 0 0 ( 0 . 0 3 )
7.38 4.57 4 . 5 8 2 . 7 8 2.42
12 2.42 ( 0 . 0 8 ) 1.64 ( 0 . 04 ) 1.30 ( 0 . 1 0  V
13 2.42 ( 0 . 1 2 ) 1.52 ( 0 . 04 ) O.85 ( 0 . 0 b )
1 , 5 6 O.85
14 5.30 ( 0 . 1 2 ) 1.93 ( 0 . 0 6 ) *
1.97
15 0.97 ( 0 . 04 ) 0.51 ( 0 . 0 5 )
16 0.42 ( 0 . 04 )*
0.53
17 I 6 . 7 8 ( 0 . 2 2 ) 9 . 9 b ( 0 . 1 1 ) 3.63 (0.05.3*
1 8 .1 2 1 3 .0 3 8 .8 5 f
18 2.36 ( 0 . 1 2 ) 1.68 ( 0 . 0 5 ) 0.99 ( 0 . 0 5 )
1.00
19 6.00 ( 0 . 1 9 ) 4.28 ( 0 . 0 2 ) 2.77  ( 0 . 0 8 ) 2 . 5 5 ( 0 . 04 )
4.33 2 . 8 9 2.66
20 112. ( 1 . ) 6 5 . 4  ( 0 . 6 ) 64.5 ( 0 . 7 )  *
124. 1 0 7 .2 1 0 8 . 8
21 1 . 9 8 ( o . n ) 0.86 ( 0 . 0 b ) 0 . 4l ( 0 . 0 2 )
2.03 0.95 0 .6 0
22 3.74 ( 0 . 1 0 ) 1 . 2 8 ( 0 . 0 3 )
1.31
T a b le  3 . 1 * c o n t in u e d
( b )  Radio G a la x ie s ,  c o n t in u e d
C a ta lo g u e
numbe r  
PKS s k 6 j S58o S635 S96o
1 1249+09 2 .6 3  ( 0 .1 6 )
2 1252-12 1 3 .3 5  (0 .2 6  )
3 1302-49 1 0 .0 0  ( 0 .1 2 )
4
5
6
1306-09
1308-22
1313+07
1 6 .7 7  ( 0 .5 5 )
6 .9 2  ( 0 .2 3 )  
1 2 .4 0  ( 0 .3 4 )
7 1322-42
8
9
1330+02
133 4 -2 9
5 .8 0  ( 0 .7 7 )
10
l i
13 3 4 -1 7
1340+05 2 .3 1  ( 0 .1 6 )
12
13
14
1345+12
1354+01
I 3 5 8 - I I
7 . 9 k  ( 0 . 7 7 ) 7 .1 8  ( 0 .2 3 )  
4 .9 9  ( 0 .2 0 )
15 1413-36 3 .6 6  ( 0 . l 8 )
16 1414+11 7 .9 9  ( 0 .0 5 ) 6 .8 5  ( 0 .2 3 ) 5 .2 3  ( 0 .1 0 )
IT
18
19
1416-49
1 4 1 6 -  15
1 4 1 7 -  19 5 + 2  ( 0 .7 7 )
4 .7 6  ( 0 .3 4 )
20 1420+19 9 .7 2  ( 0 .1 1 ) 6 .8 4  ( 0 .2 3 )
21 1425-01
22 1427+07 3 .7 3  ( 0 .7 7 ) 3 .4 4  ( 0 .1 7 ) 2 .5 8  ( 0 .0 9 )
lr\
C
M
 
O
J 
O
J
1436-16
1504-167
1508+08
k .  6h  ( 0 . 7 7 )
l .  91 ( 1 .5 0 ) 3 .4 8  (O .1 7 )
5 .2 4  ( 0 . l 4 )
26 1514-24 2 .5 8  (O .1 6 )
Table 3 .1 , c o n tin u e d
(b )  Radio G a la x ie s , c o n tin u e d
s ^ 5000Sl 4 l 0 S2650 S2700 S5000
1 1 . 5 8  ( 0 . 1 1 ) 0 .49 ( 0 . 0 2 )
0 .51
2 7 .3 4  ( 0 . 2 2 ). 4 .4 8  ( 0 . 0 3 ) 2 .5 0  ( 0 .1 9 J 2 .23 ( 0 . 0 5 )
4 .6 3 2.82 2 .51
3 6 .7 8  ( 0 . 0 9 ) 4 .5 9  ( 0 .0 2 ) 2 .94  ( 0 .0 9 )
7 .0 2 5 .2 3 4 .5 9
4 4 .3 0  ( 0 . 1 5 ) 1 .8 6 ( 0 . 0 6 )
5 5 .08  ( 0 . 1 7 ) 2 .5 3  ( 0 . 0 2 ) 1 .1 5 ( 0 . 0 5 )
6 0 .7 3 ( 0 . 0 5 )
7
0 . 8 l
8 1 . 8 l  ( 0 . 0 4 ) 1 .3 4 ( 0 . 0 7 )
9 0 .4 6 ( 0 .0 5 ) *
0 .76
10 O.50 ( 0 . 0 2 )
11 1 .6 6  ( 0 . 1 1 ) 0 .78 ( 0 . 0 4 )
12 4 .8 3  ( 0 . 1 6 ) 3 . 8 8  ( 0 . 0 4 ) 2 .86  (0 .2 0 ) 2 .8 9 ( 0 .0 7 ) *
13 2 .3 1  ( 0 . 1 2 ) 1 .3 4  ( 0 . 0 4 ) 0 .7 1 ( 0 . 0 2 )
14 0.38 ( 0 . 0 2 )
0 .4 4
15 2 .2 2  ( 0 . 1 2 ) 0 .67 ( 0 . 0 5 )
0 .80
16 3 .91  ( 0 . 1 4 ) 2 .5 6  ( 0 . 0 3 ) 1 .1 0 (0 .0 3  )*
3 .9 7 2 .7 4 1 .3 7
IT 2 .32  ( 0 .1 2 ) 0 .94 ( 0 .0 7 ) *
18 0 .80 ( 0 . 0 5 )
19 1 .1 2  ( 0 . 0 4 ) 0 .72 ( 0 . 0 3 )
‘ 0 .7 4
20 3.43  (0.13.) 2 . 0 7  ( 0 . 0 3 ) 1 .1 0 ( 0 . 0 3 )
2 . 0 8 1 .1 1
21 0 .85 ( 0 , 0 2 )
0 .87
22 2 .0 0  ( O . l l ) 1 .1 1  ( 0 . 0 4 ) 0 .4 6 ( 0 . 0 2 )
1 . 1 8 0 .56
23 1 .0 6  ( 0 . 0 4 ) 0 .60 ( 0 . 0 3 )
2 k 3 .1 0  ( 0 . 1 3 ) 2 . 4 7  ( o . 0 5 > 1 .96 ( 0 .0 5 ) *
25 2 . 0 9  ( 0 .0 5 ) 0 .98 ( 0 . 0 3 )
2 .16 1 .1 5
26 2 . 0 9  ( 0 .1 1 ) 2 . 0 8  ( 0 . 0 5 ) I . 9 2 ( o . l l )
T able 3»1? co n tin u e d
(b )  Radio G a la x ie s , c o n tin u e d
C atalogue
number
PKS '467 '580
1 1514+00
2 1514+07 21.88 (0.33)
3 1518+047 4.20 (O.50)
4 1523+03
5 1559+02
6 1602-63
7 1603+00
8 1641+17
9 1648+05
10 1655-77
11 1717-OO
12 1739+17
13 1934-63
14 1949+02
15 1954-55
16 2014-55
17 2030-23
18 2040-26
19 2045+o6
20 2048-57
21 2053-20
22 2058-28
3.69 (0.77) 
23.5 (3 .0)
2 2 . 9  ( 6 . 0 )
7.39 (0.26)
4.58 (0.08)
3.82 (0 .l4 )  
6.71 (0.06)
14.86 (1.33)
6.83 (1.70)
5 .5 5  ( 0 . 2 1 )
6 . 5 9  ( 0 . 2 0 )
4.27 (0.30) 
5.98 (0.30)
II .7 8  (1.33)
111.2 ( 1 . 5 )
102.5 (2 .3)
9.20 (0.28)
S635
15.29 (0.24) 
4.56 (0.19)
I6 .9 I (0 .l8 )
14.7 (0.4)
15.3
102.9 (1.3)
97.1 (1.4)
IO.17 (0.11) 
10.69 (0.31)
5 .0 2  ( 0 . 2 0 )
4 .4 l (0.19)
5.46 (0.14)
3.75 (0.18) 
4.68 (0.19)
10.49 (0.30)
S96o
8.94 (0.12)
4.96 (0.10)
2.59 (0.13) 
I I .9 2  (0.10)
7.64 (0.11)
8 . 2 2
2.45 (0.12) 
68.3 (0.4)
2.97 (0.09)
72.8 (o.50 
2.41 (0.18) 
14.24 (0.06) 
7.73 (0.09) 
8.47 (0.08)
3.35 (O.07)
2.99 (O.07)
3.68 (0.09)
2.67 (0.06) 
3.38 (0.09)
7.15 (O.09)
Table 3 . 1 ? c o n t in u e d
(b )  Radio G a la x ie s , co n tin u e d
Sl 4 l 0 s 2650 S2700 S5000 S
/
5000
1 I . 0 8
-=)■0d
1 .32
2 5.^5 ( o . x o ) 0 .96  ( 0 . l 8 ) 0 .9 ^ ( 0 . 0 3 )
0 .97 0.95
3 4 .38 ( 0 . 1 5 ) 0 .98 ( 0 . 0 3 ) *
1 .00
4 0 .69 ( 0 . 0 2 )
5 8.60 ( 0 . 1 1 ) 2 .1 6 ( 0 . 0 5 )
8 .81 3.32
6 5.00 ( 0 . 1 6 ) 0 .57 ( 0 . 0 2 )
5.76 1 .66
7 1 .51 ( 0 . 0 4 ) O.92 ( 0 . 0 3 )
8 2 .3 1 ( 0 . 0 5 ) 1 .7 ^  ( 0 . 1 9 ) 1 .3 4 ( 0 . 0 4 )
9 44 .9 ( 0 . 5 ) 23 .38 ( 0 .0 8 ) 23 .51  ( 0 .1 7 ) 11.16 ( 0 .1 3 ) 10 .86 ( 0 . 1 0 )
45 .3 24.32 24 .45 12 .88 12 .68
10 1 .02 ( 0 . 0 3 )
1 .03
i i 52 .9 ( 0 . 6 ) 33 .44 ( 0 . 1 4 ) 1 6 . 4 l  ( 0 . 2 4 ) 16 .35 ( 0 . 3 4 )
53 .8 35 .78 20.41 20 .34
12 1 .00 ( 0 . 0 4 ) 0 .52 ( 0 . 0 3 )
1 .03 0 .57
13 15 A 3 ( 0 . 1 4 ) 11 .55 ( 0 . 0 3 ) 11 .13  ( 0 .1 2 ) ( 6 . 0 0 ) ( 0 . l 4 )
14 5.69 ( 0 . 1 8 ) 3 .6 8 ( 0 . 0 3 ) 2 .05 ( 0 . 0 5 )
3 .7 8 2 .25
15 6.02 ( 0 . 1 9 ) 3 . 8 i ( 0 . 0 4 ) 2 .2 4 ( 0 . 0 5 ) *
2 .31
16 0 .20 ( 0 . 0 2 ) *
0.32
17 2 .1 9 ( 0 . 1 2 ) 1 .52
-d"Od 0 .94 ( 0 . 0 3 )
0 .95
18 2.33 ( 0 . 1 2 ) 1 .43 (0 .0 4  } 0 . 6 l ( 0 . 0 3 )
2 .3 8 1 .56 0 . 8 l
19 2 .5 7 ( 0 . 0 9 ) 1 .3 2 ( 0 .0 3 ) 0 .65 ( 0 . 0 3 )
20 1 .90 ( 0 . 1 1 ) 0 .43 ( 0 . 0 3 )
21 2 .63 ( 0 . 1 2 ) 1 .57  ( 0 .0 4 ) O.98 ( 0 . 0 3 )
0 .99
22 5.24 ( 0 . 1 7 ) 2 . 9 7 ( 0 . 0 4 ) 1 ,32 ( 0 . 0 3 )
5 .39 3 .2 8 1 . 8 l
T ab le  3 .1 ,  c o n t i n u e d
( b )  R adio  G a l a x ie s ,  c o n t in u e d
C a ta lo g u e
number
PKS S46t S58o S635
S96o
1 2104-25 1 9 .5 2  ( 4 .9 0 ) 2 1 .4 5  (O .2 5 ) 1 5 .2 8
1 5 .4 6
2 2152-69 6 2 .2  ( 4 . 4 ) 5 2 .0  ( 0 . 9 ) 3 8 .1
3 8 .7
3 2211-17 2 6 .6 7  ( 1 .3 3 ) 2 0 .0 5  ( 0 .2 0 ) 1 3 .0 8
4 2212+13 7 .8 0  (O .2 5 ) 4 .7 0
5 2247+11 4 .0 8  ( 2 .0 0 ) )
5 .0 4  ( 0 .2 0 ) 3 .2 7
6 2248-H06 2 .2 6
7 2252+12 5 .5 8  ( 0 . 1 7 ) - 4 .0 8
8 2308407 3 .8 9  ( 0 .7 7 ) 3 .5 0  ( 0 .1 7 ) 2 .1 7
9 2309+09 4 .6 9  ( 0 .1 9 ) 3 .3 1
10 2313-18
9 .2 9  (O .2 8 )
1 .6 6
11 2314403 1 3 .9 6  ( 1 .3 3 ) 6 .0 5
12 2317-27 5 .3 3  ( 0 . l 4 ) 3 .7 7
13 2324-02 3 .9 6  ( 0 .1 3 ) 2 .8 6
14 2356-61 5 3 .5  ( 5 . 4 ) 4 6 .5  ( 0 . 6 ) 3 2 .5
( 0 .1 4 )
( 0 . 4 )
( 0 . 1 0 )
( 0 .0 8 )
( 0 .0 9 )
( 0 . 12)
( 0 . 0 9 )
( 0 .0 9 )
( 0 .0 9 )
( 0 .0 9 )
( 0 .1 5 )
( 0 .0 9 )
( 0 .0 9 )
( 0 . 5 )
T able 3 -1 , continued .
(b ) Radio G a la x ie s , c o n tin u e d
Sl 4 l 0 S2650 S2700 S5000 s  ^ 5000
1 1 1 .3 7 (0 .1 2 ) 6 .05  ( 0 . o4 ) 2 .6 6  (0 .0 9 ) 2 .45 (0 .0 5 )
11 .82 7.01 4 .3 0 3 .9 6
2 2 8 .4 (0 . 4 ) 18 .04  (0 .0 6 ) 10 .50  (0 .1 0 ) 10 .85 ( 0 . 1 T)
29 .2 20 .26 13 .^0
3 8 .9 0 (0 .1 3 ) 4 .5 4  ( 0 . 0 3 ) 4 .6 0  ( 0 .0 6 ) 1 .9 9  (0 .0 8 ) 1 .9 8 (0 .0 5 )
4 .5 8 4 .6 4 2 .0 7 2 .0 6
4 3 .4 4 ( 0 . 0 1 ) 1 .3 9  ( 0 . 0 3 ) 0 .320 .1 8
(o.oid
( 0 . 0 4 )
3 .6 6 1 .7 4 0 .3 3
0 .1 9
0 0 V-M
V.
5
-
d
-
O
J (0 . 2 0 ) 0 .8 7
0 .9 8
6 1 .62 ( 0 .1 1 ) 1 .1 0  ( 0 . 0 4 ) 0 .61 ( 0 . 0 2 )
0 .62
7 2 .7 9 ( 0 . 1 1 ) 1 .5 7  ( 0 . 0 4 ) 0 .7 4 ( 0 . 0 3 )
1 0 .76
8 1 .71 ( 0 . 1 1 .) O.93 ( 0 . 0 4 ) 0 .5 0 ( 0 . 0 2 )
0 .52
9 2 .6 1 ( 0 . 1 2 ) 1 .4 1  ( 0 .0 3 ) 0 .7 9 ( 0 . 0 2 )
10 0 .60 ( 0 . 0 3 )
11 4 .3 8 ( 0 . 1 5 ) 2 .3 5  ( 0 . 0 3 ) 1 . 3 k ( 0 . 0 3 )
12 2 .9 7 (0 .0 9 ) 1 .7 9  ( 0 . 0 4 ) 0 .92 ( 0 . 0 3 )
3 .03 1 .9 5 1 .2 6
( 0 . 0 3 )13 2 .3 2 (0 .0 8 ) 1 .5 3  ( o .o 4 ) 1 .02
1 .11
14 2 2 .4 (0 . 3 ) 1 1 .78  ( 0 . 0 4 ) 4 .3 6  (0 .0 9 )
T a b le  3 * 1 ? c o n tin u e d
(c  ) B lank  F i e ld  O b je c ts
C a ta lo g u e
number
PKS b4b7 S58o S635
1 0033+13 3.96 (0 .1 8 )
2 0128+03
3 0132+07 4.39 (0 .1 9 )
4 0138+13 4.87 (0 .1 4 )
5 0202+14 5.33 (0 .5 0 ) 4.59 (0 .1 3 )
6 0235-19 12.12 (1 .2 0 ) 8.75 (0 .1 9 )
7 0316+16 8.12 (0 .2 0 ) 8.69 (0 .1 3 )
8 0357-16 3.58 (0 .1 7 )
9 0404+03 8.91 (0 .2 7 )
10 0411+05 3.70 (0 .1 8 )
11 0519-20 5.15 (0 .7 7 ) 4 .38 (0 .1 3 )
12 0624-05 36.95 (0 .2 4 ) 32.80 (O .80) 30.95 (0 .2 0 )
13 0850-20 6.32 (0 .1 4 ) 4.44 (0 .1 1 )
14 094^+10 5.38 (0 .2 0 )
15 1008-K)6 8.4o (0 .6 0 )
16 1059-01 5.87 (0 .1 5 )
17 1138+01 5.56 (0 .0 6 ) 4.05 (0 .1 8 )
18 1216-10 5.79 (0 .7 7 ) 4.56 (0 .1 9 )
19 1239-04
20 1245-19 7 .2 0 (0 .3 0 ) 7.05 (0 .2 3 )
21 1317+17 3.39 (0 .3 4 ) 2 .77 (0 .1 7 )
22 1344-07 4.72 (0 .4 7 ) 4 .08 (0 .1 8 )
23 1434+03
24 1602-09
25 1602 +01 12.59 ( 0 .5 5 ) 8.94 (0 .1 9 )
26 1922-62
27 1938-15 14.18 (0 .3 0 ) 11.53 (0 .3 2 )
28 2210+01 4.21 (0 .4 2 ) 3.93 ( 0 . l8 )
29 2247+14 3.36 (0 .3 2 ) 2 .87 (0 .1 7 )
30 2318-16 7.32 (0 .7 7 ) 4.96 (0 .1 9 )
31 2329-16 2.73 (0 .2 7 ) 2 .18 (0 .1 1 )
S960
2.83 (0 .1 3 ) 
3.41 (0 .1 3 )
2 .90  (0 .1 3 )
3.49 (0 .1 3 )
4.01 (0 .0 9 ) 
6 .03 (0 .0 8 )
8.70 (O.IO)
2.50  (0 .0 9 )
2.65 (0 .1 3 ) 
2.92 (0 .0 9 ) 
23.55 (0 .1 8 )
2 .97  (0 .1 3 ) 
3 .88 (0 .1 3 ) 
4.23 (0 .0 9 ) 
3.79 (0 .1 3 ) 
3 .17 (0 .1 3 )
5.00 (0 .1 4 )
4.36 (0 .1 3 )
5.75 (0 .1 4 ) 
2 .84  (0 .0 9 )
8.74 (0 .0 9 ) 
3.26 (0 .0 7 )
2 .38  (0 .0 9 ) 
3.34 (0 .0 7 ) 
1 .5 9  ( 0 . 1 2 )
T ab le  3»1 > c o n tin u e d
(c  ) B lank  F i e ld  O b je c ts
Sl 4l 0 S2650 S2700 S5000 S ^ 5000
1 1 . 8 6 ( 0 . 1 1 ) 1 .0 2 0 b -f=
- 0.54 ( 0 . 0 2 )
2 2 . 2 7 ( 0 . 1 2 ) 0 .9 2  (0 . 04 ) 0 . 3 8  ( 0 . 0 2 )
0.99 0.55
3 2.39 ( 0 . 1 2 ) 0.75 ( 0 . 03 )
4 2 . 5 8 (0 . 09 ) O.85 ( 0 . 03 )
5 3:67 ( 0 . 1 0 ) 73-12 ( 0 . 0 2 ) 2 . 4 9  ( 0 . 0 9 ) 2.30  ( 0 . 05 )
6 4.70 ( 0 . 1 6 ) 2.53 ( 0 . 0 3 ) 1 .40 ( O .0 3 )
1 . 41
7 7 .6 2 ( 0 . 1 1 ) 5.17 ( 0 . 0 2 ) 5 .2 5  ( 0 . 07 ) 2 . 8 7  ( 0 . 1 0 ) 2.93 ( 0 . 0 2 )
8 1 . 8 7 ( 0 . 0 6 ) 0.64  ( 0 . 0 2 )
9 5.25 ( 0 . 17 ) 3.32 ( 0 . 0 5 ) 1.84  ( 0 . 04 )
5.41 3.73 2 . 3 8
10 1 .8 2 ( 0 . 0 8 ) 1.13
0b
0 . 7 0  ( 0 . 0 2 )
l i 2 . 0 0 ( 0 . 0 8 ) 0 . 3 8  ( 0 . 0 2 )
12 1 8 .2 1 ( 0 . 1 2 ) I I . 5 2 ( 0 . 0 3 ) 11.47 ( 0 . 0 9 ) ( 7 . 1 )  ( 0 . 1 )
13 2 . 2 5 ( 0 . 0 6 ) 1 .1 2 0 0 1 . 1 1  ( 0 . 04 ) 0.51 ( 0 . 03 )
14 2.37 ( 0 . 1 2 ) 0 . 5 6  ( 0 . 0 2 )
15 1 . 3 8  ( 0 . 04 ) 0 . 6 7  ( 0 . 03 )
16 2.71 ( 0 . 09 ) 1.35 ( 0 . 04 ) 0 . 6 5  ( 0 . 03 )
17 2.40 ( 0 . 1 2 ) 0 . 9 6  ( 0 . 0 2 )
18 2. 52 ( 0 . 1 2 ) 0 . 8 l  ( 0 . 03 ) 
0.95
19 3.42 (0 . 13 ) 0 . 9 8  ( 0 . 03 )
20 5 .1 3 ( 0 . 17 ) 3.74 ( 0 . 0 3 ) 2.42 ( 0 . 1 1 ) 2.47  ( 0 . 05 )
21 1 .6 2 ( 0 . 1 1 ) 1 .0 1 ( 0 . 0 3 ) 0 . 6 2  ( 0 . 03 )
22 2 . 0 2 ( 0 . 1 1 ) 1 . 0 8 ( 0 . 04) 0.55 ( 0 . 03 )
23 1 . 2 7  ( 0 . 0 2 )  
1.30
24 1.83 0b 0.79 ( 0 . 03 )
2 . 0 1 0.99
25 3 . 9^ (0.109) 2 .2 0 ( 0 . 05 ) 1 . 1 1  ( 0 . 0 2 )
26 2 . 2 1 ( 0 . 1 2 ) 1.17 ( 0 . 04 ) O.63 ( 0 . 03 )
1.19 0 . 6 7
27 6 . 8 6 (0 . 14 ) 4.09 ( 0 . 0 2 ) 2 . 1 9  ( 0 . 0 8 ) 2 . 2 9  ( 0 . 0 6 )
28 2.84 ( 0 . 1 2 ) 1.77 ( 0 . 04 ) * 1 . 0 7  ( 0 . 0 2 )
29 2 . 1 7 ( 0 . 1 1 ) 1 . 5 4  ( 0 . 04 ) 1 . 1 1  ( 0 . 03 )
30 2.30 ( 0 . 1 2 ) 1.15
-4-
0b
0 . 6 0  ( 0 . 03 )
31 1 . 4l ( 0 . 0 8 ) 1 . 2 0  ( 0 . 04 ) 1 , 0 2  ( 0 . 03 )
Table 3 . 1 ? co n t in u ed  
(d )  A d d i t io n a l  O b jec ts
Catalogue
number
FKS
1 0008-42
2 0023-26
3 0030+19
4 0039-44
5 0106+01
6 0122-00
7 0124+18
8 0125-14
9 0133+20
10 0202-17
11 0222-23
12 0237-23
13 0332-39
14 0333+12
15 0336-01
16 0410-75
17 0417+15
18 0428+20
19 0438-43
20 0440-00
21 0442-28
22 0445-22
23 0451-28
24 0458-02
25 0530+22
26 0614-34
27 0637-75
28 0735+17
29 0736-K)lv
30 0834-19
31 0834-20
32 0855-19
°467
6.34 (0 . 60 ) 
16.13  (0 . 10 )
3.92 (0.77)
6.23 (0.62) 
II .6 5  (0.06)
1 .4 8  (0 .5 5 )
4 .8 7  (0 .7 7 )  
4 .33  (O.IO)
(1 .91)(0.77) 
29.65 (1.33)
3.51 (0.70)
8.63 (1.33) 
(1A ) (0 .8) 
20.63 (2.06)
3 .7 8  ( 0 . 4 0 )
2.48 (0.77)
4.46 (0.45)
1.90 (0.25) 
2.88 (0.39) 
9.79 (0.98)
2 . 2 0  ( 0 . 7 7 )
° 58o
5.92 (0 . 20 ) 6 .55  (0 . 11 ) 
13 .47  (0 . l 8 )
(2 .2 8 X 0 .II)
2 . 1 8  ( O . l l )
1.67 (0.11)
5 .1 4  ( 0 . 2 0 )  
8.35 (0.18)
1.08 (0.15)
3.76 (O.18) 
5.59 (0.141
3.58 (O.17)
7.96 (0.16) 
(2 .0 ) (0 .2)
3.59 (0.18)
6.15 (0 .2 1 )
(2.71XO.O6) 
24.43 (0.28)
3.57 (0.17)
7.73 (0.14) 
(1 .90)(0 .01) 
14.17 (0.27)
3.43 (0.12)
2.71 (0.12) 
2.60 (0 .l6 )  
1093. (27 .)
3.90 (0.13) 
6.10 (0.21)
( I .9 1 X 0 . I I )  
(2 .72)(0 .12) 
8.30 (0.26)
1.98 (0.09)
S96o
5.65 (0.14) 
10.79 (O.08) 
2.51 (0.13)
(1.66X 0.07)
1.74 (0.12) 
1.79 (0.09) 
3.42 (0.13) 
5.62 (0.10)
1.21 (0.09) 
2.71 (0.13)
6.48 (0.15) 
2.31 (0.07)
2.73 (O.09) 
(2.19 )(0 .04)
17.37 (0.09) 
3.87 (0.13)
7 11 (0.05) 
(2 .23)(0 .09) 
9.37 (0.09)
2.53 (0.09)
2.15 (O.09)
3.25 (0.13) 
(5 .33)(0 .10)
( 2 . i 8 ) ( 0 . 1 2 )
(2.43X0.09)
1.64 (0.09)
Table 3 » l j c o n t in u e d
(d )  A d d i t io n a l  O b jec ts
Sl 4 l 0 S2650
1 4 .4 2  ( 0 . 0 6 )
2
3
8 .4 9  ( 0 . 1 0 ) 5 .7 3  ( 0 .0 2 )
4
5 (1 -3 5  ) ( 0 . o 4 )
6 1 .7 7  ( 0 . 0 8 )
7 1 .3 0  ( 0 . 0 7 )
8 2 .55  ( 0 . 1 2 )
9 3 .7 0  ( 0 . 1 0 ) 2 . 1 7  (0 .0 2 )
2 .1 8
10 1 .6 4  ( 0 . 1 1 )
i i
12 6 .76  ( 0 . 1 4 ) 5 .3 2  ( 0 . 0 3 )
13 1 .6 6  ( O . l l )
14
15 (1 . 9 6 ) ( 0 . 0 4 ) 1 . 7  ( 0 . 1 )
16 1 3 .1 9  ( 0 . 2 1 ) 7 .80  (0.02')
17
18 3 .66 ( 0 . 1 4 ) 3 .2 5  ( 0 . 0 3 )
19 ( 6 . 5 5 ) ( O.09) (6.O5XO.O3)
20 ( 3 . 4 ) ( 0 . 2 ) ( 4 .8 5 X 0 . O 6 )
21 6 .7 3  ( 0 . 1 4 ) 3 .72  ( 0 . 0 4 ) 
3 .82
22 1 .96  ( 0 . 0 8 )
23 2 .62  ( 0 . 1 2 ) 2 .22  ( 0 . 0 2 )
24 2 .15  ( 0 . 1 1 )
25
26 2 . 7 8  ( 0 . 1 2 ) 1 .9 5  ( 0 . 0 4 )
2 7 ( 5 . 1 1 ) ( 0 . 1 2 ) ( 5 . 0 6 ) ( 0 . 1 0 )
28 ( 2 . 0 2 ) ( O.08) (1 *9 9 ) ( 0 . 0 3 )
29 ( 2 . 3 0 ) ( 0 . o8 ) (2 . I2 X O .O 8 )
30 4 .5 1  ( 0 . 1 5 ) 2 .6 5  ( 0 . 0 5 )
31 4 .1 5  ( 0 . 0 4 )
32 1 .33  (O.06) 1 .11  ( 0 . 0 4 )
S2700 S5000 s ^ 5000
2 ,5 1  ( 0 . 0 3 ) 
5 .7 0  ( 0 . 0 4 )
1 .1 4  ( 0 .1 3 )  
3 .4 3  ( 0 .1 2 )
1 .31  ( 0 . 0 3 )  
3 .77  ( 0 .0 6 )  
0 .82  ( 0 . 0 2 )  
1 .19  ( 0 .0 3 )
1 .4 0  ( 0 . 0 4 ) 
2 .1 6  ( 0 .0 5 ) 1 .0 9  ( 0 .1 1 )  
1 .11
1 .2 4  ( 0 . 0 2 )
0 .5 8  ( 0 . 0 3 )
0 .8 4  ( 0 . 0 2 )
1 .15  ( 0 .0 5 ) *  
1 .1 8
3 .2 7  ( 0 . 1 4 )
1 .2 8  ( 0 . 0 3 )
1 .29
0 .80  ( 0 . 0 4 ) 
3 .38  ( 0 . 0 7 )
7 .6 8  ( 0 .0 9 )
( 2 . 0 )  ( 0 . 1 )  
4 .2 5  ( 0 . 1 0 )
2 .51  (0 . 1 4 )
0 .71  ( 0 . 0 2 )
4 .4 8  ( 0 . l 6 )  
0 .38  ( 0 . 0 2 )  
2 .3 0  ( 0 . 0 5 )
3 .7 4  ( 0 . 0 5 ) 
3 .86
1 .0 4  ( 0 . 0 4 )
( 6 . 1 2 ) ( 0 . 1 0 ) 
( 3 . 6 8 ) ( 0 . 1 5 )
1 .9 3  ( 0 . 0 4 ) 
2 .1 7
0 .50  ( 0 . 0 2 )
1 .7 9  ( 0 . 0 4 )
I . 9 0  ( 0 . 0 4 ) 
1 .7 6  ( 0 . 0 5 )
1 .9 3  ( 0 . 0 4 )
( 5 . 4 0 ) ( 0 . 0 9 )
1 .3 4  ( 0 . 0 3 )
(1 .4 7  ) ( 0 . l 8 )
1 .1 3  ( 0 . 0 4 )
1 .4 9  ( 0 .1 3 )  
3 .99  ( 0 .1 0 )  
1 .0 0  ( 0 . 1 8 )
1 .5 0  ( 0 . 0 4 ) 
3 .4 2  ( 0 . 0 7 ) 
0 .7 9  ( 0 . 0 3 ) 
O.80
Table 3 . 1 , continued
(d) Additional Objects, continued
Catalogue
number
PECS \6 7
1 1005+07
2 1148-00
3 1151-34
4 1201-041
5 1237-10
6 1240-20
7 1252+H
8 1421-49
9 1446+00
10 1452+16
11 1508-05
12 1549-79
13 1607+26
14 1730-13
15 1932-46
16 2012+23
17 2048-14
18 2103+12
19 2111-25
20 2121+24
21 2126+07
22 2128-12
23 2128-104
24 2l45-K)6
25 2145+15
26 2154-18
27 2159+04
28 2204-54
13.90 (0.31) 
13.94
3.32 (0.39) 
8.55 (0.77)
11.36 (0.11)
2.09 (0.77)
11.99 (0.23)
3.72 (0.03) 
6.19 (0 .01)' 
33.62 (0.25)
38.57 (0 .5 0)
4.05 (0.20) 
2.79 (0.09) 
4.94 (0.28) 
31.33 (1.05)
5.98 (0.55)
1.44 (0.08) 
4.21 (0.10) 
3.02 (0.17)
6.63 (0.77)
3.49 (0.55) 
2.75 (0.35)
S58o
27.67 (0.45) 
32.30 (0.60)
3.43 (O.19)
S635
II.6 5  (0.12)
3.54 (0.17) 
8.49 (0.18)
1.84 (0.16) 
2.88 (0.17) 
1 .4 l (0.15) 
10.18 (o.4o)
3.29 (0.17) 
5.50 (0.20)
4.06 (0.18) 
(5.69X0.12)  
25.88 ( o . l 4 )
2.97 (0.17) 
2.35 (0.16) 
3.82 (0,13) 
23.17 (0.42)
1.32 (0.15) 
4.60 (0.11) 
3.06 (0.17)
5.90 (0.15) 
5.37 (0.14) 
5.77
2.69 (0 .l6 ) 
2.25 (0.07)
S96o
8.65 (0.12)
3.13 (0.29) 
7.10 (0.16) 
2.71 (0.13)
2.01 (0.12) 
2.06 (0.12 ) 
0.92 (0.09)
8.30 (O.83)
( 5 . 4 9 X O . I O )
17.58 (0.04)
19.58 (0.21)
2.22 (0.09) 
1.77 (0.0$) 
2.81 (0.06) 
16.30 (0.26)
2.79 (0.09)
1.75 (0.09)
4.44 (0.06)
2.91 (0.07)
3.85 (0.09)
3.44 (0.07) 
3.73
1.98 (0.09). 
2.32 (0.06)
T able 3»1> c o n tin u e d
(d ) A d d it io n a l  O b je c ts , c o n tin u e d
Sl 4 l 0 S2650 S2700 S5000 S ^ 5000
1 6 . 3 0 ( 0 . 0 7 ) 3 . 6 7 ( 0 . 0 4 ) 3 . 7 0  ( 0 . 0 5 ) 1 . 8 6  ( 0 . 0 8 ) 1 . 9 4 ( 0 . 0 4 )
2 3 . 0 9 ( 0 . 1 3 ) 2 . 7 3 ( 0 . 0 3 ) 1 . 8 2  ( O .19 ) 1 . 9 5 ( 0 . 0 4 )
3 6 . 0 6 ( 0 . 1 3 ) 4 . 3 1 ( 0 . 0 3 )
4 2 . 1 8 ( 0 . 1 1 ) 1 . 4 l  ( 0 . 0 4 ) 0 . 9 0 ( 0 . 0 5 )
0 . 9 1
5 1 . 8 5 ( 0 . 1 1 ) 1 . 5 6 ( 0 . 0 4 ) 1 . 4 2 ( 0 . 0 4 )
6 1 . 6 2 ( 0 . 1 1 ) O.97 ( 0 . 0 4 ) 0 . 5 0 ( 0 . 0 3 )
7 I . 0 5 ( 0 . 1 0 ) 1 . 1 8 ( 0 . 0 2 ) 1 . 1 0 ( 0 . 0 5 )
8 8 . 4 3 ( 0 . 2 4 ) 6 . 9 8 ( 0 . 0 6 ) 5 . 3 9  ( 0 . 2 3 )
9 O.58 ( 0 . 0 2 )
10 1 . 6 1 ( 0 . 1 1 ) O.92 ( 0 . 0 3 ) 0 . 3 2 ( 0 . 0 2 )
0 . 4 5
11 3 . 6 4 ( 0 . 1 0 ) 2 . 9 1 ( 0 . 0 3 ) 2 . 3 3 ( 0 . 0 5 )
12 ^ . 5 9 ( 0 . 0 1 ) 3 . 1 7  (O .08 ) 3 . 1 7 ( 0 . 0 7 )
4 . 5 0
13 4 . 3 6 ( 0 . 1 5 ) 3 . 0 3 ( 0 . 0 3 ) 1 . 5 6 ( 0 . 0 4 )
1 4 ( 5 . 1 4 ) ( 0 . 0 8 ) ( 4 . 8 3 X 0 . 0 6 ) ( 4 . 6 o ) ( 0 . 1 5 )
15 1 2 .3 0 ( 0 . 1 2 ) 6 . 6 1 ( 0 . 0 1 ) 6 . 3 9  ( 0 . 0 4 ) 3 . 4 4  ( 0 . 0 6 ) 3 . 4 4 ( 0 . 0 8 )
3 . 4 7
16 1 3 . 0 3 ( 0 . 2 5 ) 6 . 8 0 ( 0 . 0 3 ) 3 . 0 0  ( 0 . 1 1 ) 2 . 9 8 ( 0 . 0 7 )
3 . 0 3 3 . 0 1
IT 1 . 8 8 ( 0 . 1 1 ) 1 . 1 4 ( 0 . 0 4 ) 0 . 6 8 ( 0 . 0 3 )
18 1 . 5 2 ( 0 . 1 1 ) 1 .0 2 ( 0 . 0 4 ) 0 . 6 4 ( 0 . 0 4 )
1 9 2 . 3 0 ( 0 . 0 7 ) 1 . 4 o ( 0 . 0 3 ) 1 . 4 l  ( 0 . 0 4 ) 0 .7 5  ( 0 . 1 8 ) 0 . 8 8 ( 0 . 0 3 )
20 1 1 . 4 7 ( 0 . 2 2 ) 6 . 8 8 ( 0 . 0 4 )' 3 . 8 1  ( 0 . 1 0 ) 3 - 5^ ( 0 . 0 7 )
3 .8 5 3 . 5 8
21 1 . 1 5 ( 0 . 0 3 ) O.56 ( 0 . 0 2 )
0 . 5 7
22 1 . 7 7 ( 0 . 0 8 ) 1 . 9 9 ( 0 . 0 4 ) 1 . 9 7  ( 0 . 0 4 ) 1 . 9 9 ( 0 . 0 4 )
2 3 4 . 1 3 ( 0 . 0 8 ) 3 .1 2 ( 0 . 0 2 ) 2 . 1 7  ( 0 . 0 8 ) 2 . 0 7 ( 0 . 0 5 )
2 4 2 . 9 7 ( 0 . 1 3 ) 3 . 5 9 ( 0 . 0 2 ) 3 . 6 7  ( 0 . 0 5 ) ( 4 . 8 5 X 0 . 0 7 )
25 2 . 8 6 ( 0 . 0 9 ) 0 . 8 8 ( 0 . 0 3 )
26 2 . 3 8 ( 0 . 0 8 ) 0 . 5 5 ( 0 . 0 5 )
2 . 7 9 1 . 4 l
2 7 1 . 6 2 ( 0 . 1 1 ) 1 . 0 0 ( 0 . 0 2 ) 0 .6 2 ( 0 . 0 2 )
28 2 . 5 5 ( 0 . 0 5 ) ( 2 . 3 ) ( 0 . 3 )
Table 3«1? co n t in u ed
(d) Additional Objects, continued
Catalogue
number
PKS S46 7 S58o S6 3 5 S9 6 o
1 2216-28 5.83 ( 0 . 7 T) ( 4 .4 o ) ( 0 .1 3 ) ( 3 . 3 7 )
2 2 2 1 6 -0 3 1 .76  (0 .1 1 ) 1 .1 8  (0 .0 9 )
3 2300-18 2 .3 0  (0 .1 2 )
4 2328+10 1 . 5 0  ( 0 .7 7 ) 1 .1 8  (O .15) 0 .9 8  (0 .0 9 )
5 2 3 3 1 - ^ 1 1 3 .3 5  ( 1 + 0 ) IO .50 ( 0 .1 7 ) 7 .05  (0 .1 1 )
6 2 3 4 4 + 0 9 2 .0 9  (0 .1 2 )
7 23^5-16 2 .0 7  (0 .7 7 ) ( I . 7 0 X 0 . I 6 ) ( 1 .0 0 X 0 .0 7 )
8 2 3 ^ 9 - 0 1
9 2 3 5 ^ -1 1 2 . 0 4  (O .77) 2 .8 6  (0 .1 7 ) 2 .3 0  ( 0 .0 7 )
Table $ . 1 , c o n t in u e d
(d )  A d d i t io n a l  O b je c t s , c o n t in u e d
Sl 4l 0 S2650 S2700 S5000 S ^ 5000
1 ( 2 . 5 4 ) ( o . o 8 ) 0,45  (0.02/)
2 0 .9 8  (0 .0 7 ) 1 .0 6  ( 0 . 0 4 ) 1 .2 7  ( 0 . 0 3 )
3 1 . 4o ( O . l l ) 0 .92  (0 . 0 4 ) O.85 ( 0 . 0 3 ) 
0 .86
4 0 .9 4  (O .IO) 1 .04  ( 0 .0 2 ) O.85 ( 0 . l 8 ) 0 .9 6  ( 0 . 0 3 )
5 5.03  (0 .1 0 ) 1 .6 4  ( 0 . 1 9 ) 1 .61  ( 0 . 0 4 )
1 .62
6 2 .0 5  (0 .1 1 ) 1.45  ( 0 . 0 5 )
T (1 .3 ) '  ( 0 . 2 ) ( 2 .6 )  ( 0 .2 )
8 0 .62  (0 .0 2 )
9 2 .0 4  ( 0 .1 1 )  (1.8.)
N otes to  Table 3«1
( a )
0122-00 P ro b ab ly  co n fu sed . Too weak f o r  r e l i a b l e  in te r f e r o m e tr y .
0202-76 S l4 l0*  ^960 h ig h ly  p o la r iz e d .  S ^ ,-  p ro b ab ly  co n fu sed .
0^58-02 “ 8270Q ~ 6a . May be v a r ia b le  a s  no c o n fu s io n  i s  
o b v io u s .
0518+16 £ > l 4 l 0  a f f e c t e d  by r e c e iv e r  i n s t a b i l i t y .
0859-14 may be a f f e c te d  by sou rce  2 8 'S . S ^ ^  ~ ^2J00 ~ ^ a  
May be v a r i a b le .
1116+12 may be a f f e c t e d  by sou rce  2m 26SE, 25 'N.
1229-02 S960 u n c e r t a in .
1237-10 5000 MHz scans a re  b roadened  in  d e c l in a t io n .
1510-08 S ^ ^ ,  ® i4 io  ° h se rv e l  d u rin g  heavy r a in  o r  n e a r  s u n r is e .
2249+18 Sun a n d /o r  r e c e iv e r  t r o u b le  a t  635 and l 4l 0 MHz.
( b )
0034-01 C o rre c t io n  f o r  r e s o lu t io n  may be u n d e re s tim a te d  (^ 2650^ 5000'*
0045-25 Assumed c o r r e c t io n  f o r  re s o lv e d  h a lo  u n n e c e ssa ry  a t  2650, 5000 
MHz.
0055-01 may be co n fu sed  by 0053-01.
0131-36 Sr-rw^ has u n c e r ta in  c o r r e c t io n s  f o r  r e s o lu t io n .  pUUU
0718-34 S may be co n fused  s l i g h t l y .
0 7 1 9 -U S ^ ^ j S ^ o  may he con fu sed  s l i g h t l y .
0724-01 S ^ ^  may be co n fu sed  s l i g h t l y .
0818+17 No in fo rm a tio n  a v a i la b le  on a n g u la r  s t r u c t u r e .  May be 
co n fu sed  a t  635* l 4l 0 MHz.
0 9 1 5 -H Halo assum ed u n im p o rtan t a t  5000 MHz.
N otes to  Table 3.1* co n tin u ed
(b )
1142+19 S tru c tu re  u n c e r ta in .  No b ro ad en in g  o f  5000 MHz scan s .
1214+03 R e so lu tio n  c o r r e c t io n  u n c e r ta in .
1216-+06 L arge, th e r e f o r e  u n c e r ta in ,  r e s o lu t io n  c o r r e c t io n .
1228+12 5000 MHz scans n o t b roadened .
1322-42 C en tau rus A.
1333-33 W ell re s o lv e d : see G ardner and D avies (1964 ).
1334-29 Large r e s o lu t io n  c o r r e c t io n s .
1345+12 R ece iv er u n s ta b le  a t  l 4 l0  MHz.
1414+11 S635; S900 ' S1410 may be a f f e c te d  hy h ig h ly  p o la r iz e d  
c o n fu s in g  sou rce  n o t obvious a t  h ig h e r  f re q u e n c ie s .
1416-49 a f f e c t e d  by co n fu s io n .
1452+16 R e so lu tio n  c o r r e c t io n  d e te rm in ed  from broadened  scans a t  5000 
MHz.
1504-167 p ro b ab ly  co n fu sed  by 1 5 0 4 - l6 .4 .
1508-05 S p r o b a b l y  co n fu sed .
15l8-K)47 s l i g h t l y  co n fu sed .
1610-60 Large, complex s t r u c t u r e .
1954-55 Halo assumed u n im p o rtan t a t  h ig h  f re q u e n c ie s .
2014-55 Halo assumed u n im p o rtan t a t  h ig h  f re q u e n c ie s .
2356-61 Large, complex s t r u c tu r e  makes r e s o lu t io n  u n c e r ta in .
( c )
2329-16 Scans a t  635 and l4 l 0  MHz ap p ea r b roadened .
N otes to  Table 3 . 1 , c o n tin u e d
(a)
0133+20
1610-77
2154-18
S^6o may ae  con fu sed .
5000 MHz b roadened  in  R igh t A scension .
Both com ponents a re  in c lu d e d , though may be u n r e la te d .
TABLE 3.2
Method (i) Method (Ü)
Frequency
(MHz) ai(f.U.) (?)
ai(f.U.) (?)
467 1.33
635 •15(.01) •55(.08) .15(.05) 2.5( -5)
960 .13(.01) •5 (.1 ) .12(.02 ) 1 M  .h)
1410 •08(.0l) .6 (.1 ) ,io(.05) 2.6(1.0)
2650 .o4(.01) 1.0( .3)
2700 .04 1.0
5000 
(CSIRO)
.l8(.05) 2.T( -5)
5000 .05 3.0
(Greenbank)
TABLE 3 .3
Sources of Data for other Flux Densities
Frequency
MHz
No. Authors and Reference
38 1 Williams, P.J.S., S. Kenderdine and V.E. Baldwin, 1966
2 Williams, P.J.S., R.A. Collins, J.L. Coswell and
D.J. Holden, 1968
3 Long, R.J., M.A. Smith, P. Stewart and P.J.S. Williams, 
1966
4 Kellermann, K.I., 1964
5 Artyukh, V.S., V.V. Vitkevich and R.D. Dagkesamanskii, 
1968
4 3-6 3, 84-125 6 Haynes, R.F. and P.A. Hamilton, 1968
8 5 . 5 7 Mills, B.Y., O.B. Slee and E.R. Hill, 1958
8 Mills, B.Y., O.B. Slee and E.R. Hill, I960
9 Mills, B.Y., O.B. Slee and E.R. Hill, 1961
86 5 Artyukh, V.S. et al., 1968
153 10 Hamilton, P.A. and R.F. Haynes, 1967
178 2 Williams, P.J.S. et al., 1968
11 Clarke, M.E., 1965
12 Wills, D. and E.A. Parker, 1966
13 Pilkington, J.D.H. and P.F. Scott, 1965
14 Gower, J.F.R., P.F. Scott and D. Wills, 1967
15 Bennett, A.S., 1962
16 Kellermann, K.I., 1964a
17 Wyllie, D.V., 1968
4o8
Table 3*3, co n tin u e d
Frequency
MHz
No. A uthors and R eference
4o8 18 Murdoch, H .S. and M .I. Large, 1968
19 C la rk e , T.W ., R.H. F r a te r ,  M .I. L arge, R .E .B . Munro 
and H.S. Murdoch,
20 Day, G .A ., A .J . Shimmins, R.D. E kers and D .J . C ole, 1965
600 21 Nash, R . T . ,  1965
610.5 22 D ic k e l, J .R . ,  K .S. Yang, G.C. M cV ittie  and G.W. Swenson 
J r . ,  1967
750, 1400 23 P a u lin g -T o th , I . I . K . ,  C.M. Wade and D.S. Heesehen , 1966
1415 21 Nash, R .T ., 1965
1^25 24 Fom alont, E .B ., 1967
25 Fom alont, E .B ., 1968
2650 26 Shimmins, A .J . ,  M.E. C larke  and R.D. E k ers , 1966
27 Shimmins, A .J . ,  1968
2695 28 K ellerm ann, K .I . ,  I . I . K .  P au lin g -T o th  and W.C. T y le r ,1968
29 Bash, F .N ., 1968
2700 30 M e rk e li jn , J .K . , A .J . Shimmins and J .G . B o lto n , 1968
TABLE 3.4
( 1 ) (2 ) ( 3 ) w ( 5 ) (6 ) ( 7 ) ( 8 ) ( 9 )
2 6 .3 * S P 1 4 ' x 9 2 ' CKL 1.07 ~20 [ l ]
38 1 S P 45 ' x45 ' sec z - 1 .0 0 [1] 4-10 fu [2]
38 4 4 8 ' x 9 0 ' - 1 .0 0 - [1]
38 5 I 5? 5, 2 5 ' k ik64 1 .0 0 ~15 [1] [3 ]
43- 63I r T) 7?6 rtTTT n, i 2 .1  fo, ±6fu
84- 125 / O r 2?5 OKL
J 17/o, ±2 fu
85.5 7-9 X 50 ’ _ 0 .82 ^20 [1] [5 U 6 ]
86 5 I 2975, 11 ’ k ik64 1 .0 0 ~ 2 [1] [3 ]
153 10 p 2 ? l8 CKL 1 .0 0 - lO/o, ±. 8 fu
178 2 S P 2 4 ' x l 8 ' sec z CKL 1 .0 8 5.0 6%, ± . 5fu
178 11 S P 2 4 ' x l 8 's e c z CKL 1 .0 8 - t l ]
178 12 S P 2 4 ’x l 8 's e c z CKL 1 .0 8 [1]
178 :L3, l 4 SI 2 5 'x 35 ' sec z CKL 1 .0 8 2 . 1 [T] [1] [3 ]
V  5
178 15 p 092x4?5 - 1 .1 10 . 518] 2 .0  fu
4o8 16 p 46 ’ KIK64 1 .0 0 - 51o
4o8 17 X 1 :5  x 4° _ 0 .91 _ 4$>,± .3  fu [2]
4o8 18 X U 5 x 4° CKL 0 .95 - 5$ ,± .25fu
600 21 p ? 2.5 0 .4  fu
610 .5 22 p 1 6 ’ x 2 2 ’ KIK64 1 .0 0 0 .8
750 23 p 18 :5 x 1 8 :5 kzk64 1 .0 0 - 0 .2  fu
1400 23 p 1 0 ’ x 1 0 ’ KIK64 1 .0 0 _ [1] 0 .1  fu
1425 24,25 I 33 ’ KIK64 1 .0 0 2 .0 51o [1]
2650 26,27 p 7 :8 KIK64 1 .0 0 - 8 $
2695 2 8 ,2 9 p 1 1 ’ x 1 1 ’ - 1.064 - [1] 0 .0 5
2700 30 p 8 :0 KIK64 1 .0 0 - -
* E rick so n  and Cronyn, 1965
(1 )  F requency  (MHz)
( 2 )  v R eferen ce  number from  Table 3*3
(3 ) T e lesco p e  system
( 4 ) ' P rim ary  beam width
(5 )  O r ig in a l  f lu x  d e n s i ty  s c a le
( 6 ) S c a lin g  c o r r e c t io n  f a c t o r
(7 )  Lower f lu x  d e n s i ty  l i m i t  ( f . u . )
( 8 ) S ta n d a rd  e r r o r s
( 9 ) N otes
Notes to Table 3.4
1. Values are given for individual sources.
2. Original measurements are on absolute scale,, measured by the authors.
3. The distance between maximum and minimum of the interference pattern 
is given in column 4.
4. The CKL spectrum of Hydra A (0915-H) was assumed by the authors to 
calibrate the sensitivity of their system. The scaling correction 
factor (a function of frequency) was determined assuming the 'KIK 64' 
spectrum for the same source.
5. The errors given in ref. 4 are assumed.
6. The low flux density limit applies to |b| > 12?5, but is much less 
in regions of low sky temperature.
7. Table II in Gower et al. (1967) gives areas in which the 4c catalogue 
is incomplete.
8. Except near ridges of galactic emission as given in the maps of 
Turtle and Baldwin (1962).
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CHAPTER 4 
THE SPECTRA
4 .1  T heo ry
I t  h a s  a l r e a d y  b e e n  m en tio n e d  t h a t  s y n c h ro tro n  th e o r y  can  
e x p la in  m ost s p e c t r a .  The th e o r y  a s  r e l a t e d  t o  a s t r o p h y s ic s  h a s  b e e n  
re v ie w e d  by G inzbury  and  O ze rn o i ( 1 966 ) , and  a p p l i e d  t o  r a d io  s p e c t r a  
by  many ( f o r  exam ple, K e lle rm an n , 1966 ; S c h e u e r, 1967; S c h e u e r  and  
W illia m s , 1968 ).
The power sp e c tru m  o f  an  i n d iv i d u a l  r e l a t i v i s t i c  e l e c t r o n  
(e n e rg y , E, i n  a  u n ifo rm  m a g n e tic  f i e l d  B) i s  shown i n  F ig u re  4 .1 .  
T h is  d i s t r i b u t i o n  i s  a  maximum n e a r  th e  c r i t i c a l  f re q u e n c y  -
'MHz
1 .6 l  . 107 B s in  0 . E?g a u ss  Gev (4.D
and  th e  t o t a l  power r a d i a t e d  i s  g iv e n  by
dE
dT - 6 .O8 . 1 0 ' 9 (B s in  0 )2 . E!g a u ss  Gev e rg  sec
_ i ( 4 .2 )
For an i s o t r o p i c  d i s t r i b u t i o n  o f  th e s e  e l e c t r o n  v e l o c i t i e s  in  
a  u n ifo rm  m ag n e tic  f i e l d  th e  i n t r i n s i c  l i n e a r  p o l a r i z a t i o n  i s  ~  701° and 
in d e p e n d e n t o f  f re q u e n c y .
The o b se rv e d  sp e c tru m  i s  th e  c o n v o lu t io n  o f  th e  num ber 
d i s t r i b u t i o n  o f  e l e c t r o n  e n e rg y  w ith  th e  power sp e c tru m  o f  an  
i n d iv i d u a l  e l e c t r o n .
R e l a t i v i s t i c  e l e c t r o n s  i n  an  o p t i c a l l y  t h i n  c lo u d  m ust have a
-2CX-1pow er law  d i s t r i b u t i o n  o f  e n e r g ie s  (N (E)dE « E dE) t o  p ro d u ce  an 
o b s e rv e d  sp e c tru m  o f  c o n s ta n t  s p e c t r a l  in d e x , Oi. The power
o b s e rv e d  a t  a g iv e n  f re q u e n c y , f  , i s  p re d o m in a n tly  from  e l e c t r o n s
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o f  c r i t i c a l  freq u en cy  f ,  w ith  e n e rg ie s  g iven  hy e q u a tio n  4 .1 .
V a r ia t io n s  o f  f lu x  d e n s i ty  w ith  freq u en cy  canno t o ccu r 
f a s t e r  th a n  in  th e  spectrum  o f  an in d iv id u a l  e le c t r o n .  No h ig h  
freq u en cy  c u t - o f f  i s  o b se rv ed  to  be as s te e p  as  t h a t  e x p ec ted  
from a sh a rp  u p p er l i m i t  to  th e  e n e rg ie s  o f  e l e c t r o n s  h av in g  an 
i s o t r o p i c  v e lo c i ty  d i s t r i b u t i o n .  However, s e v e ra l  s p e c tr a  have 
Oi <  -  j  a t  low fre q u e n c ie s  and so canno t be e x p la in e d  by a low
energy  c u t - o f f .
V arious p ro c e s se s  w hich may m odify th e  above s p e c tr a  
in v o lv e  - a d i f f e r e n t  e l e c t r o n  energy  d i s t r i b u t i o n ,  a b s o rp tio n  
o f  th e  sy n c h ro tro n  r a d ia t io n ,  o r  a m o d if ic a t io n  o f  th e  a c tu a l  
e m issio n  mechanism. These a re  now b r i e f l y  d is c u s s e d .
E le c tro n  energy  d i s t r i b u t i o n . E quation  4 .2  shows t h a t  th e  r a t e
o f  en e rg y  lo s s  in c re a s e s  r a p id ly  w ith  in c re a s in g  en e rg y , w ith  a
;
tim e s c a le
t fiGev0 .5  E n * _  (B s in  0 )
-2
50 f  (B s in  0 ) ' cMHz gaussy e a r  ue  gauss
(T y p ic a lly  f  = 104 MHz co rre sp o n d s  to  t  ~ 106 years .) I f
th e se  h ig h  energy  e le c t r o n s  a re  n o t r e p le n is h e d  K ardashev (1962) 
and o th e rs  have shown t h a t  th e  spectrum  w i l l  s te e p e n  to  an
4 3 — 3e q u i l ib r iu m  v a lu e  o f  —{ Ci + 1 above a freq u en cy  ~ 10 Bga u s ~ x 
t " 2 MHz.
1
y e a r
I f  th e re  i s  a co n tin u o u s  supp ly  o f  th e s e  r e l a t i v i s t i c  
e l e c t r o n s ,  w ith  power law energy  d i s t r i b u t i o n  o f  in d ex  -2 Oi -1 , th e  
e q u i l ib r iu m  s p e c t r a l  in d ex  becomes Oi + ^  above f re q u e n c ie s
25
IO3 B"3 t -2  (K elle rm ann , 1966).
K ellerm ann has in t e r p r e te d  th e  observed  range o f  s p e c t r a l  
in d ic e s  betw een .25  and 1 .3  as due to  r e c u r r in g  i n j e c t i o n  o f  
r e l a t i v i s t i c  p a r t i c l e s  f o r  w hich N(E)dE = KE“ 1 ,5dE so t h a t  a t  low 
f re q u e n c ie s  (v ^ 103 B-3  t~ 2 ), a 0 ~ 0*25» I f  f r e s h  p a r t i c l e s  a re  
in j e c te d  a f t e r  tim e  T, q u a s i- e q u i l ib r iu m  i s  e s ta b l i s h e d  f o r
f re q u e n c ie s  betw een 103 B“3 t " 2 and 103 B 3 T“2 w ith  s p e c t r a l  index
1 4+ — = 0 .7 5 . At h ig h e r  f re q u e n c ie s  s t i l l  Oi = — 0!^  + 1 = 1 . 3 .  I f
an o u tb u r s t  o f  e l e c t r o n s  has j u s t  o c c u rre d , th e  spectrum  w i l l  d i r e c t l y  
r e f l e c t  t h e i r  en erg y  d i s t r i b u t i o n  u n le s s  t h e i r  d e n s i ty  i s  s u f f i c i e n t l y  
g r e a t  f o r  o th e r  mechanisms to  dom inate . The change in  s p e c t r a l  index  
o ccu rs  o v e r a freq u en cy  range o f  a t  l e a s t  one o rd e r  o f  m agnitude abou t 
th e  above "b reak" f r e q u e n c ie s .  F ig u re  4 .2 ,  ta k e n  from K ellerm ann 
(1 9 6 6 ), i l l u s t r a t e s  th e  above spectrum  e v o lu tio n  f o r  v a r io u s  T.
I f  th e  en erg y  in  th e  p a r t i c l e s  i s  g r e a te r  th a n  th e  m agnetic  
energ y  th e  c lo u d  expands. I f  th e  ex p an sio n  i s  a d ia b a t ic  E r ” 1 ( r  
i s  th e  c lo u d  r a d iu s ) .  I f  m agnetic  f lu x  i s  co n serv ed  B « r - 2 . I t  
fo llo w s  from e q u a tio n s  4 .1  and 4 .2  t h a t  th e  spectrum  i s  s h i f t e d  to  
low er f re q u e n c ie s  and f lu x  d e n s i t i e s  (see  C hap ter 6 ) .
I f  th e  h ig h e s t  energ y  e le c t r o n s  expand more r a p id ly ,  and 
hence lo s e  energ y  p r e f e r e n t i a l l y  - o r  even escape  a l to g e th e r  - th e  
spec trum  w i l l  s te e p e n  a t  h ig h e r  f r e q u e n c ie s .
A b so rp tio n  o f  r a d i a t i o n . Marked low freq u en cy  n e g a tiv e  c u rv a tu re  
(F ig u re  4 . 6 )  in  m ost c a se s  i s  c e r t a i n l y  caused  by sy n c h ro tro n  s e l f ­
a b s o rp t io n .  T his o ccu rs  as th e  so u rce  b r ig h tn e s s  te m p e ra tu re  
ap p ro ach es th e  e q u iv a le n t  e l e c t r o n  te m p e ra tu re . The o p t i c a l  d ep th
TIME DEPENDENCE OF THE 
SYNCHROTRON RADIATION 
SPECTRA WITH RECURRING 
INJECTION OF RELATIVISTIC 
PARTICLES.
t  • 15 5 T < I6 )_ ._
f  7 5 T I 8 I ------
_  f  4 5 T 1 5 I - ___
t- 2 5 T (3 ) —.— __ 
f  I 5 T ( 2 ) ' - ^ .
NORMALIZED FREQUENCY
Figure 4.2 —Synchrotron radiation spectrum as a function of time when electrons are injected into n
magnetic field in a series of recurring bursts. The in itial electron energy distribution is taken to b« 
N(E)dE =» KE~i ldE and the time between bursts as T. Below v\ where the spectrum does not changi 
significantly between bursts, the spectrum is shown as a function of the elapsed time since the first burst 
in terms of T. The total number of bursts is shown in parentheses. A t high frequencies, where the change 
in the spectrum is more rapid just after an injection of particles, the spectrum between successive bursts 
is shown by dashed lines. The dotted line shows one possible form of the spectrum if the density of the 
newly injected particles is sufficiently great that the source becomes optically thick.
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1 , a t  a freq u en cy
MHz
r  ^ 2
l 6 5 B - s --Kxl L 0772 f  J
5 + 2 a
MHz ( 4. 3)
S i s  th e  f lu x  d e n s i ty  o b serv ed  a t  a freq u en cy  f  »  f^ .
For f  < f „
S_ ~ 5-3 . 10“4 f . u .  gauss
u  ^ 2  ^ 2 • 5
MHz(e 'T  f; (4 . 1*)
i . e .  a = - 2 . 5 »
E q u a tio n  4 .3  shows t h a t  6 ( a n g u la r  s i z e )  as d e te rm in ed  from 
an o b se rv ed  spectrum , i s  n o t v e ry  dependent on B (w hich can be e s t im a te d  
ro u g h ly  from  e q u i p a r t i t i o n  a rg u m en ts). O bserved a n g u la r  s iz e s ,  and 
u p p er l i m i t s ,  a r e  in  agreem ent w ith  th e  above th e o ry .
M o d if ic a tio n  o f  th e  e m issio n  mechanism . The T sy to v ich -R az in  e f f e c t  
r e q u ir e s  th e  e m it t in g  medium to  have a r e f r a c t i v e  index  «  1, and 
c o n se q u e n tly  o f te n  r e s u l t s  in  im p la u s ib ly  h ig h  e le c t r o n  d e n s i t i e s ;  so 
i t  i s  u n l ik e ly  to  a f f e c t  th e  s p e c tr a  o f  most e x t r a g a la c t i c  so u rc e s .
4 .2  Graphs o f  S p e c tra
The f lu x  d e n s i t i e s  l i s t e d  in  th e  p re v io u s  c h a p te r  have been  
u se d  to  p lo t  th e  s p e c tr a  o f  a l l  so u rc e s , u s in g  lo g - lo g  s c a le s .
Examples a re  g iv e n  in  F ig u re s  4 .3  - 4.9*
F ig u re  4 .3  shows s p e c tr a  w hich may be a c c u r a te ly  re p re s e n te d
-aby a  power law , S °c f  , w ith  s p e c t r a l  in d ex , Oi. T h is form may be 
found among a l l  c la s s e s  o f  o p t i c a l  i d e n t i f i c a t i o n ,  in c lu d in g  b la n k  
f i e l d  r a d io  so u rc e s , a l th o u g h  i t  i s  most common in  th e  E and D g a lax y  
c l a s s e s .
S p e c tra  w hich become s te e p e r  a t  h ig h e r  f re q u e n c ie s  a re  shown
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in Figure 4.4. These are typical of many E galaxies, and of some D 
and N galaxies. This steepening also occurs to a lesser extent for a 
small number of QSOs. It has been suggested (Shimmins, 1968). that 
according to the theory of Kellermann outlined in section 4.1, the 
spectral index for many galaxies undergoes a well defined increase at 
about 600 MHz, having a constant but steeper value above this "break” 
frequency. The present spectra do not in general show a discontinuity. 
Observations at still higher frequencies would be required to show 
whether or not their high frequency spectra obey a power law. Several 
possible "break" spectra are shown in Figure 4.5.
A number of spectra exhibit well-defined negative curvature 
(i.e. the spectrum steepens with increasing frequency) at low 
frequencies. This occurs most frequently for QSOs and galaxies of 
high surface brightness, and is therefore attributed to synchrotron 
self-absorption. Examples are shown in Figure 4.6.
The spectra of most blank field objects and many faint 
galaxies show continuous negative curvature over the whole frequency 
range (Figure 4.7).
More complex spectra than so far described can be attributed 
to the contributions of two or more distinct components of the radio 
source. This is clearly the case for some objects where structure is 
known, for example 3C273 (Chapter 6).
High frequency maxima, or positive curvature which indicates 
a peak in flux density beyond the high frequency limit of the 
observations, occur in the spectra of 50$ of QßOs. The high frequency 
flux densities of these sources probably vary with time, as this has
28
been observed, for all the stronger sources in this class. Positive 
curvature at high frequencies is indicated in only seven blank field 
and seven galaxy spectra. Two, which have been extensively monitored, 
vary with time (0430+05 ( 30 120 , the well-known Seyfert galaxy) and
0521-36). Detailed spectra for variable sources are presented in 
Chapter 6.
For a few sources, the spectrum steepens at low frequencies 
(Figure 4.8). This may be due to the addition of radiation from 
components of different spectral index. In some cases a confusing 
source with no physical association may be affecting the low frequency 
observations.
The remaining spectra, apart from those observed to vary 
with time, are presented in Figure 4.9*
4.3 Discussion of the Spectra 
Spectra and Optical Identifications
The main conclusion to be drawn from an inspection of the 
spectra is the same as for previous spectrum studies, namely that most 
spectra are almost linear with (X ~ 0.8. However, the purpose of the 
present observations was to study deviations from linearity and how 
these might be related to optical identification. Thus the spectra 
were classed as displaying
(i) Negative curvature below 100 MHz,
(ii) Negative curvature above l400 MHz,
(iii) Positive curvature above 1400 MHz,
and (iv ) Cü < 0.5 at 4000 MHz.
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The number distribution with respect to these classes, for 
QSOs, S-, E-, D-, db-, N-, and faint galaxies, and also for blank field 
objects, has been summarised in Table 4.1, and is discussed below:-
(i) Negative curvature below 100 MHz. If this is attributed to 
synchrotron self-absorption by regions of varying optical depth 
throughout the radio source, equation 4.4 shows that roughly equal 
proportions of QSOs and galaxies emit an appreciable fraction of their 
radiation within angular dimensions of O'.'l to 1" of arc. Within the 
galaxy class, about 2 5 of spectra of E and D galaxies have negative 
curvature at low frequencies, increasing to 501° for the optically faint 
and presumably more distant galaxies. This gradation is probably real. 
On this interpretation of the curvature, more than half the blank field 
objects contain structure of the order of 0"1 to 1" of arc.
(ii) Negative curvature above l400 MHz. The fraction of sources 
having steeper spectra at high frequencies increases strikingly from 
QSOs, through galaxies to blank field objects. As will be shown in 
Chapter 5j this trend is also followed in the degree of negative 
curvature.
(iii) Positive curvature above l400 MHz. Whereas the low frequency 
spectra of QSOs and galaxies are indistinguishable, the same is not 
true above 1400 MHz. In 30fo of QSOs a high frequency component is 
detected. Apart from Seyfert galaxies (which are excluded from these 
statistics) and N galaxies, this property is rare in the other radio 
sources. This result for QSOs has been given previously for a similar
sample (Shimmins, 1968b). Sources with high frequency structure are
TABLE 4.1
STATISTICS OF DEVIATIONS FROM POWER LAW SPECTRA
Class QSOs Galaxy Types All
galaxies
Blank
field
S E D db N faint object
Negative
curvature
Total number 
in sample
42 8 44 25 7 7 9 100 32
below 100MHz
Number 16 4 12 5 4 3 5 33 >17
Percentage 
of sample
38 0LT\ 27 20 60 4o 55 33 >50
Negative
curvature
Total number 
in sample
53 8 49 27 9 9 11 113 31
above
l400MHz Number 8 2 22 9 l 2 6 42 22
Percentage 
of sample
15 25 45 33 11 22 55 37 71
Positive
curvature
Total number 
in sample
53 8 49 27 9 9 11 113 31
above
l400MHz Number 16 0 2 1 0 3 0 6 1
Percentage 
of sample
30 0 4 4 0 33 0 5 3
° W  °-5 Total number in sample
r<vLT\ 8 49 27 9 9 11 113 31
Number 14 1 4 0 0 2 1 8 2
Percentage 
of sample
26 13 8 0 0 22 9 7 6
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discussed further in Chapter 6.
Spectral class (iv) is similar to class (iii).
The Spectra of Blank Field Objects.
Perhaps the most important result is the continuous and marked 
negative curvature characterising the spectra of blank field objects. 
This may be due in part to the redshifting of galaxy-like spectra into 
the observed frequency range. However high frequency observations of 
galaxy spectra (for example at 8000 MHz by Dent and Haddock, 1966) do 
not support this explanation.
Above 600 MHz, this continuous curvature is more likely a 
result of ageing than synchrotron self-absorption. The latter would 
require very steep electron energy distributions within compact sources 
of very high surface brightness. This is contrary to most 
observations of known compact sources for which 7 ~ 1.0 - 1.5* Below 
600 MHz, synchrotron self-absorption is a possible mechanism as 
scintillation observations indicate that these sources contain 
components which become optically thick above ~ 40 MHz.
Complex Spectra.
Apart from well-known variables, the only sources found with 
bumpy spectra at intermediate frequencies were the QSO, FKS 0340+04 
(high l4l0 MHz flux density) and the blank field object, FKS 0202+14.
The spectrum of the latter has maxima at about 300 and 2000 MHz. Flux 
densities obtained over three years at 5000 and 2650 MHz show no 
variability.
In view of the complex structure indicated for many radio
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sources, for example from scintillation observations (Harris and 
Gundermann, 1969) and polarization distributions (Seielstad and Weiler, 
1968), it is surprising that so many spectra are simple.
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Figure 4,3a» QSOs with power law spectra.
In the following graphs error bars are standard deviations. Error 
„ lines without horizontal bars are uncertain.
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Figure 4.3b. Galaxies- with power law spectra.
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Figure 4.3c. Galaxies with power law spectra. Continued.
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Figure 4,3d. Galaxies with power law spectra. Continued.
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F igu re  4.3e. G a la x ie s  w ith  power law s p e c t r a .  C o n tin u ed .
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Figure 4,4a. Galaxies having spectra which steepen at high 
frequencies.
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F ig u re  4 ,4 b . S p e c tra  w hich s te e p e n  a t  h ig h  f re q u e n c ie s .  A ll a re  
g a la x ie s  ex ce p t 0825-20 (QSO) and 2216-28 (unknown i d e n t i f i c a t i o n ) .
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Figure 4.4c. Spectra which steepen at high frequencies. All are 
galaxies except 0Ö02+10 (QSO) and 2126+07 (unknown identification).
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Figure 4,5b. Galaxies with 'break' spectra. Continued.
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Figure 4.6a. QßOs having spectra with low frequency negative
curvature.
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Figure 4,6b. Galaxies having spectra with low frequency 
negative curvature. Continued.
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Figure 4.7a, Spectra of Blank Field Objects.
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Figure 4.7c. Blank Field Objects. Continued.
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Figure 4»7d. Blank Field Objects. Continued.
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Figure 4.8. Examples of spectra which may steepen at lew
frequencies.
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Figure 4.9c. Continued.
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Figure 4.9f. Galaxies. Continued.
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Figure 4»9g. Galaxies. Continued.
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Figure 1.9H. Galaxies. Continued.
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Figure 4,91. Additional Objects. Continued.
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Figure 4.9m. Additional Objects. Continued.
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Figure 4»9n. Additional Objects.
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CHAPTER 3
ANALYSIS OF SPECTRA
5.1 Calculation of Spectral Index and Curvature
A quantitative description of the spectra is necessary before 
a comparison may be made with other radio and optical properties of the 
radio sources.
Polynomials up to 4th order have been fitted to all data, by 
the method of least squares, weighting each point inversely as the square 
of its proportional error. The order of fit was chosen by comparing by 
eye the computed curves with the plotted spectra, aided by the computed 
statistical significance of the fit (F-test). For most sources, a 3rd 
order fit was accepted. Spectral indices (cn ), curvature (pf), and 
flux densities (Sf) were calculated from the fitted curve at observed 
frequencies f = 400, 1000 and 4000 MHz. These frequencies span the 
observed frequency range of most spectra, avoiding the extreme ends of 
the range where the fitted polynomial tends to diverge from the data.
The main objection to this method is that spectra cannot 
always be represented by simple polynomials. An alternative method, 
of fitting two linear spectra above and below a "break" frequency near 
600 MHz has been used by Kellermann, Pauliny-Toth and Williams (1969) 
and Shimmins (1968b) to study the statistics of curvature. Few spectra 
show this break clearly; others are better fitted by a more gradual 
change in spectral index. This may be expected if physical conditions 
vary throughout the emitting region, as implied by observed brightness 
distributions (for example Ekers, 1967). Where spectra are more
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complex than power law, polynomial fitting is the only solution.
The observed spectral indices and curvature are given in 
columns 1 to 6 of Table 5*1.The asterisks in column 7 refer to notes 
at the end of the table. Table 5*2 gives the same parameters for the 
emitted spectra of QSOs.
5.2 Calculation of Power
In a Friedmann universe with q^  = +1, distance d = cz/h 
where z is the measured redshift, assumed cosmological and the Hubble 
constant H = 75*3 km s“1 Mpc”1 (Sandage 1967).
For QSOs and galaxies having measured redshifts, the power 
emitted at frequency fg has been found from
Sfe/(l + z)
1 + z
cz
“H
-2
(5-1)
where Z ^ + z )  is the flux density observed at an observed frequency
fe/(l+z).
Redshifts are not available for many southern galaxies. They 
have been estimated from the Hubble relation
Vc = 5 log cz - 6.50 (5-2)
which presumes that the absolute visual magnitude of all radio galaxies 
is -21.7* Here is the visual apparent magnitude corrected to a 
standard isophote of about per square second of arc, and corrected 
for K-dimming and galactic absorption (Sandage 1967)- For some 
galaxies the magnitude was estimated from the National Geographic- 
Palomar Sky Survey prints.
Integrated radio power output between f of 1 and 10<c MHz was
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computed, from the fitted polynomials. For this, the spectrum was 
extrapolated from the lowest measured frequency to f = 10 MHz. 
Constant power was assumed down to a cut-off at f = 1 MHz. Similarly 
the high frequency spectrum was extrapolated (where necessary) to an 
upper cut-off f = 104 MHz.
Table 5*3 presents the power outputs, as calculated above
(as log1Q P , in units of watt Hz“1, or log /P df in watt), 
e e
together with and S^qqq (in f.u. = 10“^6watt m-^ Hz“1). For
QSOs, a spectral index between the highest observed radio frequencies
and the optical frequency is given.
Additional data, used in the statistical analyses, are given
in Table 5.4. The data listed are overall angular dimensions or an
upper limit, scintillation information (Sc means the source has been
observed to scintillate; NSc - does not scintillate; no entry means
observations were not available , usually because the source was too
weak or had too large a sun distance), degree of linear polarization
at 1410 and 2650 MHz, and angular separation of radio and optical
positions.
5.3 Selection Effects
The two main observational selection effects which should be 
considered when interpreting the statistics have been noted in section 
1.4. They are due to the lower flux density limits and the techniques 
used to identify QSOs.
By definition the selection of QSOs is of blue objects. 
Dependence of any other QSO property on colour could therefore be
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affected. This is probably not serious, however, as Schmidt has 
examined many red objects near 3C and 3CR sources - all of which are 
stars. Spectra of known QSOs would not effect a colour change until 
z = 3 (Bolton, personal communication). The spectral indices are 
affected by selection in the following ways -
(i) The distribution of spectral indices is dependent on the 
frequency of the survey from which the sources were taken, because 
increasing numbers of faint sources contribute a greater proportion of 
flat spectra, with increasing survey frequency (Williams and Bridle 19^7) 
Kellermann, Pauliny-Toth and Davis, 1968).
(ii) No matter what the cause of the redshift (provided it 
applies to radio as well as optical frequencies), the effect of 
observing at a given frequency f will be to observe power emitted at 
frequency f(l+z). The mean values of C£ at different z will then 
depend on the form of the luminosity distribution (Scheuer, to be 
published), whether or not the latter is a function of z.
(iii) Due to the lower limits of flux density, the spectral 
indices are restricted to a range defined by the possible values of
-1.23 log10 S4O0/S265O for S4o8 i 4.0 f.u. and i 1.0 f.u.
This is illustrated in Figures 5*1 and 5*2, where the above relation 
has been shown for ai00Q and a^000 v. log10 SkQQ.
Large positive curvature may be preferentially selected, and 
negative curvature selected against, near the lower flux density 
limits. To estimate this effect quantitatively would require a 
knowledge of distribution of curvature, and an assumption as to the 
variation of curvature with frequency.
ao 4oo
Flfftire 5*1« Open and f i l l e d  c i r c l e s  a re  Q$Os and g a la x ie s  
r e s p e c t iv e ly .  The low er l i m i t s  to  s e t  by S2 ^ rQ » 1 .0  f . u .
and » 4 .0  a re  shown.
- 1.0
Figure 5.2. QSOs only have been plotted, 
corresponding to = 1.0 and S^ qq - 4.
0 fu
I____________
2.0 2.5
log Sli00
The limits 
> are shown.
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The lu m in o s ity  s e le c t io n  i s  a f f e c te d  by th e  f lu x  d e n s i ty  l i m i t s  
as i l l u s t r a t e d  in  F ig u re  3*3• The ra d io  f lu x  d e n s i ty  l i m i t  a t  lo g  S-^ qqq = 
0.3* and th e  p la te  l i m i t  o f  ~ l8 m ( f o r  ra d io  g a la x ie s )  a re  drawn. Radio
g a la x ie s  in  th e  shaded re g io n  c o n t r ib u te  to  ra d io  source  s t a t i s t i c s ,  b u t 
can n ev e r be i d e n t i f i e d  (from  Palom ar p r i n t s ) .
F ig u re  5*3 a ls o  i l l u s t r a t e s  th e  s e le c t io n  o f  th e  more ra d io -  
lum inous so u rc e s  w ith  in c re a s in g  r e d s h i f t .  Any p ro p e r ty  o f  a ra d io  
source  w hich i s  a fu n c tio n  o f  lu m in o s ity  w i l l  a l s o  ap p e a r to  be 
c o r r e la te d  w ith  r e d s h i f t  (and  c o n v e rs e ly ) .
5 .4  Comparison o f  S p e c t r a l  Index  and C u rv atu re  betw een QSOs, G alax ies  
and Blank F ie ld  Radio Sources
T able 5*4 shows mean s p e c t r a l  in d ic e s ,  w ith  t h e i r  d is p e r s io n s  
, and th e  r e s u l t s  f o r  c u rv a tu re  a re  shown in  Table 5*5* F ig u re  5*4 
g iv e s  average s p e c tr a  f o r  th e  v a r io u s  c l a s s e s .
A part from th e  f a i n t ,  u n c l a s s i f i e d  g a la x ie s ,  t h i s  a n a ly s i s  
does n o t d i s t i n g u is h  betw een v a r io u s  k in d s  o f  g a lax y . Note t h a t  th e  
above r e s u l t s  a re  n o t c o r r e c te d  f o r  s e le c t io n ,  w hich (se e  F ig u re  5*1) 
w i l l  reduce th e  numbers o f  s te e p e r  s p e c tr a  a t  low f lu x  d e n s i t i e s  
p a r t i c u l a r l y  i f  th e  d is p e r s io n  i s  l a r g e ,  as  f o r  QSOs. Because th e  
ran g es o f  f lu x  d e n s i ty  co vered  by d i f f e r e n t  c la s s e s  o f  o b je c t  a re  
s im i la r ,  com parison o f  t h e i r  mean s p e c t r a l  in d ic e s  i s  s t i l l  v a l id ,  
however th e  above s e le c t io n  e f f e c t  would te n d  to  mask d i s t i n c t i o n  
betw een th e s e  c l a s s e s .
W hile th e  mean s p e c t r a l  in d ic e s  a t  low fre q u e n c ie s  a re  v e ry  
s im i la r ,  th e re  i s  a p ro g re s s iv e  in c re a s e  in  h ig h  freq u en cy  in d ex  from
10
00
D-galaxies
faint galaxies
db galaxies
S galaxies
2 fu1000
Figure 5*3» The dashed vertical lines divide approximately 
• equal volumes of space, for radio galaxies.
TABLE 5 .4
SPECTRAL INDEX
C la s s  o f
I d e n t i f i c a t i o n
A pprox .  
no . o f  
o b j e c t s
ooO
JII
n
 
0
MHz
0
a
f  = 1000 
a
MHz
aa
f  = 4000 MHz 
a  aa
QSOs 59 +.62 ±.05 • 37 +.67 ± .o4 .29 + .67  ± .05 .34
A ll  g a la x i e s 120 +.65 ± .04 .42 +.72 ±.02
1
0
O
J +.85 ±.03
O
J
ro
B lank  f i e l d s 31 +.58 ± .05
C
OOJ +.73 ± .04 .24 4.92 ± .04 •25
TABLE 5.5
CURVATURE
C la ss  o f  
I d e n t i f i c a t i o n
A pprox . 
no . o f  
o b j e c t s
P200 a p200 P1000
a
P1000 p4000
a
p4ooo
QSOs 59 - .1 5  ± .10 • 72 - .0 1  ±.05 •39 - .0 2  ± .09 .72
A ll  g a la x ie s 120 - .1 4  ± .07 .74 - .1 2  ±.05 .54 - .3 2  ± .09 1 .0 4
B lank  f i e l d s 31 - .3 7  ± . H .56 - .2 3  ± .08 .46 - .3 2  ±.11 • 59
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Figure 5»^» Average spectra for different identification 
• types.
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QSOs to  g a la x ie s  to  b la n k  f i e l d  so u rc e s . The f lu x  d e n s i t i e s  r e l a t i v e  
to  QSOs d i f f e r  by l8$> f o r  g a la x ie s  to  30$ f o r  b la n k  f i e l d  o b je c ts  a t  
4000 MHz.
G aussian  d i s t r i b u t i o n s  were f i t t e d  in  e v a lu a t in g  th e  
d is p e r s io n s  o f  s p e c t r a l  in d ic e s .  This i s  a c lo se  ap p ro x im atio n  f o r  
g a la x ie s  and b la n k  f i e l d  o b je c ts .  For QSOs th e  d i s t r i b u t i o n  has  a
t a i l  o f  f l a t  s p e c tr a  (F ig u re  5*5)* At 1000 MHz th e  median s p e c t r a l
index  i s  0 .82  ± 0 .06  and a t  4000 MHz, 0 .9 0  ± 0 .06 , s im i la r  to  th o se  
found f o r  g a la x ie s  and b la n k  f i e l d  o b je c ts .
K e l le m a n n 's  th e o ry  o f  th e  e v o lu tio n  o f  ra d io  s p e c tr a  f o r
r e c u r r in g  in j e c t i o n  o f  r e l a t i v i s t i c  e le c t r o n s  p r e d ic t s  d i s t i n c t
s p e c t r a l  re g io n s . The re g io n  f >jrTT > 103 B 3 t  2 , where0 0 MHz gauss y e a r7
sy n c h ro tro n  lo s s e s  p red o m in a te , i s  s te e p e r  by ~ 0 .5  th a n  th e  re g io n  
f MHz < 103 B-3 t  2 , where th e s e  lo s s e s  a re  b a la n c e d  by r e c u r r in g  
in f lu x  o f  p a r t i c l e s  (F ig u re  4 .5 ) .  The maximum p o s s ib le  c u rv a tu re  i s  
abou t 0 .5  and o ccu rs  o v e r a 10 to  1 freq u en cy  ran g e . T his i s  
c o n s i s te n t  w ith  th e  d a ta  e x c e p t where sy n c h ro tro n  s e l f - a b s o r p t io n  i s  
a f f e c t i n g  th e  low er f r e q u e n c ie s .  U su a lly  th e  c u rv a tu re  i s  
s i g n i f i c a n t l y  l e s s  th a n  0 .5  (T ab le  5 -1 ) - w hich would im ply a 
v a r i a t i o n  in  "b reak" freq u en cy  th ro u g h o u t th e  e m itt in g  re g io n . At 
th e  same tim e th e  l i n e a r  n a tu re  o f  many s p e c tr a  o v e r a wide freq u en cy  
range im p lie s  t h a t  th e  e q u i l ib r iu m  e le c t r o n  energy  d i s t r i b u t i o n  i s  
s im i la r  th ro u g h o u t t h i s  r e g io n .
A "b reak" freq u en cy  o f  1000 MHz w ith  B ~ 1 0 '4 gauss g iv e s  
an  'a g e ' ,  t  ~ 10s y e a r s .  O ther lo s s  m echanisms, f o r  exam ple, due 
to  ex p an sio n  and in v e rs e  Compton s c a t t e r in g ,  w i l l  reduce t h i s  ag e .
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5» 5 Distribution of QSOs in Depth
In order to distinguish whether variation of a given 
parameter is with luminosity, or with distance (assuming Q30s obey a 
Hubble relation as do the radio galaxies), one must eliminate the 
selection effect shown in Figure 5*3* (Note the divisions into equal 
volumes of space on this figure.)
Instead of studying variation of a parameter with distance 
directly, the measure used is the distance relative to the maximum 
distance at which an object of the same radio and optical luminosity 
could be observed (Schmidt, 1966).
For this analysis, it is essential that the sample be
complete. Redshifts are available for a complete sample of QSOs
down to l8m, and north of 5 = -15°. For these objects, v/v^im has
been used as a measure of the above relative distance, where V is the
volume of space to the redshift distance and Vn. = the smaller oflim
the two limiting volumes calculated from the radio and optical flux 
densities. The V.^ from radio flux densities requires that the 
observed S^g = 4.0 f.u. Volumes in co-moving coordinates have 
been found for given z, from Sandage (1961).
The values of V/Vn . are shown in Table 5*6, where it is 
noted whether a radio or optical limit has been used. Calculations 
assume qQ = +1.
The mean of V/V^ is 0.4l. The value expected from a 
uniform space distribution is 0.50 with a standard deviation of 0.05 
(for 27 objects). The mean V/V^m is insensitive to qQ, however, 
the estimation of the limiting redshift introduces further
TABLE 5.6
v/Vx, m f o r  A n a ly s is  o f  QSOs in  D epth 
by Method u sed  By Schm idt (1968)
C ata logue * ^ / ^ i i m 
number
C ata logue * V /V p ^  
number
PKS PKS
0056-00 0 .48 1156-15 0 .80
0159-11 R • 37 1226+02 R .01
0549-14 R • 15 1229-02 R • 52
0550-07 0 .22 1252-24 0 .26
0404-15 0 • 5^ 1255-05 0 . 68
0405-12 R • 25 1555-06 0 .65
0518+16 0 .89 155^+19 R • 54
0812+02 0 • 85 -l4l6+06 0 • 5^
0857-12 R .26 1455-10 0 • 55
0850+14 0 • 56 1510-08 R • 52
0859-14 R • ^5 1618+17 R .28
1040+12 0 .48 2155-1^ R .10
1048-09 R .21 2250+H 0 .48
1127-14 0 .54
* N ote : 0: O p tic a l  d is ta n c e  l i m i t .
R: Radio d is ta n c e  l i m i t .
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u n c e r t a i n t i e s .
T h is  a n a ly s i s  a p p a re n tly  shows t h a t  th e  space d e n s i ty  o f  th e  
p re s e n t  sample o f  QSOs i s  n o t s i g n i f i c a n t l y  non-un ifo rm . T his i s  in  
c o n f l i c t  w ith  th e  r e s u l t s  o f  Schm idt (1 966 ), who f in d s  a mean V /V ^ m = 
0 .7 0  f o r  33 3CR QSOs, and hence con c lu d es  t h a t  th e  d e n s i ty  o f  Q30s 
in c re a s e s  a t  la rg e  d is ta n c e s .
The d is c re p a n c y  may l i e  in  th e  d i f f i c u l t y  o f  d e f in in g  a 
source  sample com plete w ith  r e s p e c t  to  i n t r i n s i c  ra d io  power. In  
f a c t ,  a r a d io  f lu x  d e n s i ty  l i m i t  has been  u sed  b o th  by Schmidt and in  
th e  p re s e n t  a n a ly s i s .  T his means t h a t ,  f o r  sm a ll V/V_^ th e  l a r g e r  
D oppler c o r r e c t io n s  w i l l  r e s u l t  in  a l a r g e r  - hence a s m a lle r
v a lu e  I1*16 mean V /V ^ ^  f o r  th e  p re s e n t  a n a ly s i s  i s  e x p ec ted
to  be l e s s  th a n  t h a t  found by Schmidt because  ( i )  th e s e  combined 
bandw idth  and freq u en cy  s h i f t  c o r r e c t io n s  a re  l a r g e r  f o r  f l a t  spectrum  
o b je c ts ,  and ( i i j  th e  P arkes su rvey  a t  4o8 MHz s e le c t s  more f l a t  
spectrum  so u rces  th a n  th e  Cambridge su rvey  a t  178 MHz. T his 
d i f f i c u l t y  in  d e f in in g  a com plete sample shou ld  be borne  in  mind when 
in t e r p r e t i n g  r e s u l t s  o b ta in e d  by t h i s  method o f  a n a ly s i s .
To t e s t  th e  v a r i a t i o n  o f  o th e r  p a ram e te rs  w ith  d is ta n c e ,  
mean have been  c a lc u la te d  f o r  o b je c ts  g r e a t e r  o r  l e s s  th a n  th e
d iv id in g  v a lu e  f o r  each  p a ram e te r , shown in  Table 5*7* S tan d a rd  
d e v ia t io n s  o f  V /V ^ ^  f o r  a un ifo rm  d i s t r i b u t i o n  a re -g iv e n  in  
p a re n th e s e s .  None o f  th e  p a ram e te rs  t e s t e d  show a s i g n i f i c a n t  
v a r i a t i o n  w ith  d is ta n c e .
A s im i la r  a n a ly s i s  f o r  g a la x ie s  would be p rem a tu re , as 
o p t i c a l  d a ta  a re  in c o m p le te .
TABLE 5 . 7
P a ra m e te r C o n d it io n Number o f  
s o u rc e s  in
A verage
sam ple V/ Vlim
logi o  p4oo < 27.53 
> 27.53
15
12
0.48 ( .0 7 )  
0.32 ( .0 8 )
logi o  piooo < 27.4 > 27-4
14
13
0.31 ( .0 8 )  
0.50 ( .0 8 )
logio  p4ooo < 27.1 > 27.1
16
11
0.37 ( .0 7 )  
0.45 ( .0 9 )
r 10lu
lo g 10 / Pf  d f < 37.2 12 0.36 ( .0 8 )
> 37.2 15 0.45 ( .0 7 )
CDrHO
 
1—1C_
logio  Pf  d f < 39.^ 13 0.50 ( .08)
> 39*4 l b 0.31 ( .0 8 )
a iooo < 0.55 17 0.39 ( .0 6 )
> 0.55 10 0.44 ( .0 9 )
a 4ooo < 0.50 16 0.43 ( .0 7 )> 0.50 11 0.42 ( .0 9 )
a 4000 " a iOOO < 0.0  > 0 .0
15
12
0.45 ( .0 7 )  
0.42 ( .0 8 )
l o g - n P < l b 0.34 ( .0 8 )10 o p t > 13 0.47 ( .0 8 )
bo
5.6 Correlation of Spectral Index and Luminosity
Figure 5*6 shows oc v. for E galaxies alone. Oi for all 
galaxies is plotted, against log P-^ OOO ^-n  Figure 5*7* For Q£50s, Figure 
5.8 shows Q^qqq (ohserved spectrum) plotted against log R^q q q * The 
latter graph is not appreciably different when a is blue-shifted to an 
emitted frequency. In Figure 5*9a aqoOO ^or objects is
graphed against measured redshift, where available, and in Figure 5*9b 
against (photoelectrieally determined apparent magnitude, corrected
for aperture effect, galactic absorption and K-dimming).
For galaxies, particularly E galaxies, spectra tend to 
steepen with increasing luminosity (or redshift). It is not clear 
whether the lower boundary of spectral indices for Q$Os may continue 
this trend to high luminosities (or redshifts) (Figure 5» 9a). 
Observational selection cannot account for the steepening of galaxy 
spectra with redshift, since the distribution of redshift is 
essentially independent of flux density (Figure 5.10). Neither is 
this accounted for by the shift in spectrum from observed to emitted 
frequencies.
To investigate further whether spectra steepen with 
luminosity rather than redshift, spectral index has been graphed 
against log for galaxies at approximately the same distance.
To increase the numbers of sources and extend the luminosity range, 
data have been taken from Kellermann (1964b) for the strong, extended 
galaxies Fornax A, Centaurus A, Virgo A and also from Hobbs, Corbett 
and Santini (1968) for Cygnus A. The separate graphs for different 
ranges of (Figure 5*Tl) support the interpretation of a luminosity
8
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dependence of spectral index.
Kellermann (1966) has suggested that the more luminous radio 
sources have greater emissivities and hence evolve more rapidly. The 
steeper spectral indices are then a consequence of this.
5*7 The Luminosity - Surface Brightness Diagram and Radio Source 
Evolution
Figure 5«12 shows a plot of log P^qq against log where
the surface brightness has been estimated from
2
B400 = ^ S400//iT 6 watt (c/s)“1 ster"1 ,
(2where 0 is the largest measured diameter, as given in column 2 of
Table 5*4, and converted to radians. Where upper limits to 0° were
available, the corresponding lower limits of surface brightness are
shown as short horizontal lines.
0Although 0 is estimated roughly, the same general trends 
are apparent as in the diagram of Heeschen (1966). These are
(i) for radio galaxies, the increase in luminosity roughly 
proportional to surface brightness with a well defined lower limit for 
the latter;
(ii) for QSOs, a horizontal branch of high luminosity, joining
the galaxy branch at low values of surface brightness and extending to 
B40O > ^ ~ 13 m”2 ster”1 Hz”1.
Heeschen interprets the diagram in terms of an evolutionary 
sequence in which an optically thin cloud of relativistic electrons 
expands, thus decreasing the surface brightness while maintaining 
constant luminosity. The low spatial density of objects of high
o o
• •  Sh-,
lo g
F ig u re  5 »12» Symbols a re  th e  same a s  in  F ig u re  5*3» 
u n i t s  a re  u sed .
M .k .6.
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surface brightness suggests that this stage of evolution is rapid. On 
approaching the radio galaxy branch the expansion is retarded by magnetic 
fields and/or the intergalactic medium, so that further evolution occurs 
with constant ir slowly increasing source dimensions. Luminosity 
decreases as particle energies decay, and the surface brightness 
decreases proportionally. (A line of evolution with constant source 
dimensions is shown in Figure 5*12. )
The relative positions of QSOs and galaxies in the luminosity- 
surface brightness diagram may indicate a similar evolutionary pattern 
for both, but with reduced luminosity in the case of radio galaxies.
5.8 Spectral Index and Linear Dimensions
If the above evolutionary scheme is correct, one might expect 
a steepening of the spectrum with decreasing surface brightness or with 
increasing linear dimensions. The steep spectra of the extended halos 
about some individual radio galaxies are well known (for example Ekers, 
1967; Macdonald, Ryle and Neville, 1968). For galaxies a trend of 
increasing spectral index with surface brightness was found. This is 
to be expected from the spectral index - luminosity and luminosity - 
surface brightness relations. Apart from this, the present results 
show no correlations between spectral index or curvature with surface 
brightness or overall source dimensions, above a 5$ level of 
significance.
The relation between spectral index and linear dimensions 
may also be studied through interplanetary scintillations.
Spectral Index and Interplanetary Scintillations
The detection of scintillations indicates that more than ~50% 
of the flux density is radiated from a region of angular dimensions 
^ "2 arc. Since the observed range of linear size among radio sources 
is much greater than their range of distances, the presence or absence 
of scintillation implies the presence or absence of components of 
compact linear dimensions.
Mean spectral indices for scintillators and non-scintillators 
are given in Table 5-8* QSOs, galaxies and blank field objects are 
distinguished.
Both steep and flat spectrum objects belong to the class of 
scintillating QSOs, whereas nearly all non-scintillating QSOs have 
steep galaxy-like spectra. The flat spectra may thus be associated 
with angular dimensions < "1 arc. Because the observed range of flux 
densities is small compared with this range of linear (or angular) 
dimensions, compact components are always associated with high surface 
brightness for QSOs. Thus the flat spectra are partly a result of 
synchrotron self-absorption. These spectra are also associated with 
flat electron energy distributions (l.O ^ 7 ^ 1.5). This is discussed 
further in Chapter 6 .
For the galaxies, 14% of those brighter than 17^0 scintillate 
compared with 48% of the fainter galaxies. This can be explained by 
decreasing angular size with increasing distance, for galaxies.
As shown in Table 5*6, the scintillating galaxies have a 
larger mean spectral index than the non-scintillating galaxies. This 
difference is of marginal significance; it is the result of the
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spectral index - luminosity and luminosity - distance relations.
The results for blank field objects imply that (i) if they 
are of similar radio structure to the galaxies, they contain a higher 
proportion of scintillators by virtue of their greater distances, and 
(ii) those with flattest spectra at low frequencies - and hence of 
highest surface brightness - contain structure on the smallest scale. 
This is accounted for entirely by self-absorption and is not due to a 
flat, presumably young, electron energy distribution. At 4000 MHz 
there is no significant difference in spectral index between the 
scintillators and non-scintillators.
5.9 Spectra and Polarization
Figure 5*13 shows o^qqq for QSOs, against percentage 
polarization at 2650 MHz. There are significantly more flat spectrum 
objects having low polarization than high polarization (at the 5$ 
level of significance on a X2-test). This trend is not evident for 
l4l0 MHz polarization. It is probably a result of the lower average 
polarization of compact components at high frequencies. This idea 
would be consistent with highly disordered magnetic fields in young 
objects. Fields become aligned as the source expands, resulting in a 
higher degree of integrated polarization. This would be in general 
agreement with the model proposed by Gardner and Whiteoak (1966), and 
also with the observations of highly polarized halo components of radio 
galaxies (for example, Morris and Whiteoak, 1968; Seielstad and Weiler, 
1968). Part of the scatter in percentage polarization for steep 
spectrum objects in Figure 5*13 may be due to different orientations of
5.0 7.5 10.0 t
Degree of polarization (2650 MHz)
Figure 5»15
J+5
the magnetic field to the line of sight.
No other correlations were found (at the 51° level of 
significance) between spectral index or curvature, and percentage 
polarization at iklO or 2650 MHz, or depolarization (as measured by the 
ratio of degrees of polarization at these frequencies).
5.10 Polarization and Surface Brightness
Degree of polarization has been plotted against surface
brightness in Figures 5*1^ a, b and c, for galaxies, QSOs and blank
field objects respectively. The ordinate is percentage polarization
r 1010
at l4l0 MHz, and the abscissa, log / B^ , df watt m ^ ster”1 where
101is monochromatic surface brightness.
For the galaxies there appears to be an upper limit of 
polarization which decreases from ~ 12% for low surface brightness 
objects to S t.ofo for those of very high surface brightness (above 
10 1U watt m  ^ ster-1). All types of galaxy are consistent with this 
re suit.
Although the situation is less clear for the QSOs, the 
higher mean surface brightness is consistent with their lower mean 
percentage polarization.
Some blank field objects have both low surface brightness 
and high polarization, a characteristic which distinguishes galaxies 
from QSOs.
The above results support the ideas of radio source evolution 
outlined in the previous two sections. No correlations were found 
between polarization and luminosity, redshift or optical properties.
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5 .11  Summary
( i )  A n a ly s is  o f  th e  d is ta n c e  d i s t r i b u t i o n  o f  QSOs and t h e i r  
r a d io  and o p t i c a l  p r o p e r t i e s  su g g e s ts  no dependence on r e d s h i f t .  
However, th e  d i f f i c u l t y  in  d e f in in g  a com plete sample o f  o b je c ts  to  a 
g iv e n  ra d io  lu m in o s ity  in f lu e n c e s  th e  i n t e r p r e t a t i o n  o f  t h i s  r e s u l t .
( i i )  The more lum inous ra d io  g a la x ie s  te n d  to  have s te e p e r  
s p e c t r a .  This i s  a t t r i b u t e d  to  t h e i r  more r a p id  r a t e  o f  ra d io  
e v o lu t io n .
( i i i )  The rem ain ing  r e s u l t s  o f  t h i s  c h a p te r  may be 
i n t e r p r e t e d  in  te rm s o f  th e  e v o lu tio n  o f  a compact ra d io  so u rce  o f  
h ig h  s u r fa c e  b r ig h tn e s s ,  c o n ta in in g  c h a o t ic  m agnetic  f i e l d  s t r u c t u r e .  
As t h i s  so u rce  expands, th e  su rfa c e  b r ig h tn e s s  d e c re a se s ,  th e  spectrum  
s te e p e n s  and th e  m agnetic  f i e l d s  become more o rd e re d . A l im i t in g  
volume i s  approached  when i n t e r n a l  m agnetic  f i e l d  and p a r t i c l e  
p re s s u re s  a re  b a la n c e d  by th o se  o f  th e  i n t e r g a l a c t i c  medium. S u rface  
b r ig h tn e s s  th e n  d e c re a se s  w ith  lu m in o s ity  a s  e l e c t r o n  e n e rg ie s  decay .
TABLE 5 .1
SPECTRAL INDICES AM) CURVATURE
( a ) QSOs
C a ta lo g u e
num ber
FKS
No. o f  
f  r e q s .
O rder
o f
f i t
*-8 0 0 a io o o  a 4ooo S ta n d a rd  e r r o r  o f  
g r a d i e n t
p400 P1000 P4000
0003 -00 16 3 .693 .738 .810 .01 - .0 7 - .12 -  .19
0017+15 17 3 1 .1 6 6 1 .1 6 0  1 .2 2 0 .01 - .12 -  .12 -  .04
0 021 -29 11 3 .797 .826 .8 2 8 .014 - .10 - .05 .04
0056-00 9 3 .396 .310 .575 .009 .4 8 - .05 - .84
0155-10 8 3 .910 .782 .879 .017 .51 .13 - .45
0157-31 11 3 .670 .780 .669 .024 - .46 - .09 .46
0159-11 11 3 .049 .403 .842 .023 - -95 -  .8 3 - .63
0202-76  
0229+ 13(V'
7 3 1 .1 5 1 .929 .791 .045 .6 9 .4 3 .03
10 3 .256 - , 0 6 l .550 .034 1 .5 2 .0 8 - 2 .1 0
0340+04 15 3 • 732 .779 • 932 .023 -  .06 -  .1 7 - .33
0349 -14 11 3 .9 2 8 .972 1 . O il .013 - .13 - .0 9 - .o 4
0350-07 12 3 .8 0 9 .986  1 .0 2 2 .020 - .6 0 - .29 .1 7
0403-13 9 3 .102 .492 .3 0 ^ .004 - I . 5 0 - .47 1 .0 9
0 4 0 5 -1 2 v 10 3 .6 8 9 .527 .389 .022 .4 8 .3 4 .12
0408-65 13 3 • 479 1 .0 5 8  1 .2 6 3 .0 0 8 - 2 .1 6 - .65 - 1 .3 5
0 5 l8 + l6 v 20 8 - .6 2 6 .522 .651 .007 - 5 .2 0 1 .5 4 8 .5 2
0725+14 16 4 .928 .815  1 .0 6 3 .015 .32 .15 - 1 .1 9
0758+14 16 3 .855 .854 .804 .009 - .03 .0 4 .13
0802+10 13 3 • 955 1 .0 0 5  1 .0 4 8 .015 -  .1 5 - .10 - .04
0 8 l2 +02 12 4 .694 .802 .660 .012 - .33 -  .15 .76
0825-20 11 3 . 665 .772 .933 .010 - .2 7 - .2 7 - .2 7
0837-12 8 2 .884 .837 .766 .046 .12 .12 .12
0838+13. , 16 4 .808 .686 .503 .010 .21 .3 7 .15
O85O+I4 19 3 1 .0 3 4 1 .0 8 3  1 .0 5 0 .017 - .2 0 -  .05 .16
O 859-I4 11 3 .350 .061 .572 .087 1 .3 5 .10 - I . 8 0
1040+12 21 3 .684 .669 .650 .0 0 9 .0 4 .03 .03
1 048 -09 12 4 • 779 .825  1 .0 1 9 .019 - .72 .21 - 1 .4 8
1055+01V 16 3 .224 .135 .0 2 9 .016 .2 4 .20 .15
1116+12 14 4 .267 .341 .316 .013 .0 4 - .2 8 .65
1127-14 12 3 - .0 4 5 - .1 2 3 .011 .022 .36 .03 - .48
1136-13 8 4 1 .0 3 5 .832 .607 .010 .01 .7 9 - -55
1226+02v 35 6 .462 .129 .138 .009 .64 .75 - .39
1229-02 9 3 .692 .652 .313 .032 - .0 8 .2 8 .84
1232-24 8 3 .781 .861 1 .1 2 3 .033 - .11 -  .2 9 -  .5 8
1241+16 15 5 .879 .879 .814 .007 .0 8 - .0 9 • 73
T able 5«1> co n tin u e d
( a )  QSOs, co n tin u ed
C atalogue
number
PKS
No. o f  
f r e q s .
O rder
o f
f i t
00
ö
a iooo a 4ooo S tan d a rd  e r r o r  o f  
g ra d ie n t
P400 p1000 p4000
1253-05V 28 5 .532 -.072 -.130 .018 1 .78 1.03 - .53
1318+11 8 3 .632 .670 .923 .015 .03 - .23 - .61
1327-21 7 3 .771 .680 .531 .034 .22 .24 .26
1335-06 7 5 .854 .933 1.013 .003 - .^9 .07 -1 .03
135^+19 12 5 .647 .654 .157 .014 - .39 .69
l4 l6+06 21 5 1.043 1.150 .887 .008 - .28 - .23 1.79
1420-27 6 3 .920 .919 .912 .043 - .00 .01 .02
1422-29 9 2 .848 .868 .899 .023 - .05 - .05 - .05
1453-10 8 2 .743 .756 .776 .028 - .03 - .03 - .03
1510-08v 12 4 -.1 0 9 .141 -.1 3 9 .064 - .20 - .71 2.42
1524-13 5 3 .733 .776 .152 .054 - .56 .35 1.73
1618+17 14 4 .836 .884 .959 .009 - .01 - .19 .04
2115-30v 10 3 .647 .695 .873 .036 - .05 - .19 - .40
2135-14 8 3 .715 .758 .880 .0 4 l - .07 - .15 - .26
2209+08 10 3 .620 .506 .353 .014 .30 .27 .24
2223-05V 20 3 .664 .567 .239 .020 .12 .36 .73
2 230+ llV 18 5 -.1 3 0 .127 .660 .008 - .24 -1 .00 - .09
2249+18 15 3 .816 .815 .702 .015 - .07 .08 .30
2251+15V 28 7 -.3 8 5 .354 -.895 .038 .41 -1 .00 .50
Table 5 • ! ) c o n tin u ed
( b ) Radio G alax ies
C ata logue
number
PKS
No. o f  
f r e q s .
O rder
o f
f i t
00 alooo a 4ooo S tan d a rd  e r r o r  o f  
g ra d ie n t
p400 p1000 p4ooo
0000-17 7 3 .866 .834 .636 .016 -  .01 .18 .48
0002+12 10 3 .798 .768 .833 .038 .15 .00 - .22
0007+12 9 3 .769 .801 .958 .024 - .01 - .15 - .37
0034-01 15 3 . 656 .705 .810 .007 - .10 - .14 - .21
0035-02 17 3 .712 .717 . 656 .006 - .06 .03 .17
0043-42 10 3 .624 .676 .746 .005 -  .13 - .12 -  .11
0045-25 11 3 .608 .668 .820 .023 -  .11 -  .19 -  .31
0051-03 12 3 .797 .853 .984 .069 -  .11 - .17 - .26
0055-01 13 3 .559 .593 .657 .016 - .08 - .09 - .12
0106+13 14 3 .698 .657 .876 .009 .29 -  .08 - .65
0114-21 11 5 .878 .742 .885 .007 .4 - .15 1 .4
0123-01 23 4 .957 .885 .972 .017 .11 .17 - .65
0124408 10 3 .515 .522 .79^ .022 .16 - .19 - .71
0131-36 4 2 .605 .696 .833 .013 - .23 - -23 - .23
0213-132 13 4 1.015 .926 .810 .017 -  .33 .56 -  .69
0218-02 16 3 .889 • 995 1 .222 .015 -  .22 -  .31 - .45
0219+08 14 3 .671 .717 .945 .019 -  .01 -  .22 - .54
0240-00 19 3 .573 .661 .803 .005 -  .22 -  .23 -  .24
0255+05 15 3 .554 .607 1.075 .030 .12 - -39 - I . I 6
0300+16 15 5 .819 .731 .887 .024 - .66 .90 -3 .6 1
0305+03 17 5 .47 .53 .61 .006 - .4 .1 -1 .0
0307+16 16 4 .872 .897 1.094 .013 - .08 - .10 -  .67
0320-37 7 2 (1.328 ) ( l .4 4 o ) (1.611) .014 - .28 - .28 - .28
0320+05 11 5 .376 .663 1.027 .008 - .58 - .89 .43
0325402 15 3 .632 .647 .730 .012 .00 - .08 - .20
0331-01 13 3 .953 .969 1.167 .019 .01 - .18 - .47
0336-35 8 3 .777 .819 .652 .019 - .26 .05 .51
0344-34 8 3 .759 .866 1.076 .042 - .24 - .30 - .4o
0346-27 8 3 .295 -.164 .821 .019 2.26 .04 -3.31
0349-27 17 3 .803 ,8o4 .83 6 .018 .02 - .02 - .07
0356+10 13 3 .666 .668 .766 .015 .06 - .07 - .26
0427-53 5 3 .756 .690 .390 .000 .04 .30 .70
0430405v 24 3 .775 .168 -.562 .077 1.65 l .4 o 1.02
0511+00 14 4 .902 .770 1.187 .020 • 37 .15 -1 .8 6
0511-30 7 3 .502 • 551 1 .0 .048 .47 - .72 -2 .
Table 5 .1 , c o n tin u e d
( b ) Radio G a la x ie s , co n tin u ed
C atalogue
number
FKS
No. o f  
f  r e q s .
O rder
o f
f i t
00-+ö a io o o a 4000 S tan d a rd  e r r o r  o f  
g ra d ie n t
p400 P1000
0518-45 9 3 .708 .714 .808 .010 .04 _ .07
0521-36V 27 3 .522 .587 .505 .006 - .28 - .04
0531+19 8 3 .427 .613 «837 .011 - .51 - .43
0618-37 8 3 .638 .684 .603 .013 - .22 - .02
0625-35 10 3 .540 .551 .549 .033 - .04 - .02
0642-43 7 3 .560 .688 1 .1 5 9 .024 - .14 _ .51
0715-36 7 3 .750 .861 .852 .011 - .40 - .16
0718-34 8 3 .837 .845 .371 .031 - .34 .30
O 719-II 7 3 .720 .613 .613 .013 .38 .16
0724-01 14 3 .807 .794 .881 .018 .10 - .04
0800-09 8 3 .627 .807 .852 .024 - .60 _ .30
0806-IO 12 3 .833 .844 .582 .021 - .21 .16
0812-02 15 3 1 .166 1 .1 1 8 .847 .016 - .01 .25
0818+17 8 3 .543 .659 .754 .034 - .34 - .24
0819-30 9 3 .528 .650 .907 .028 - .26 - .35
0819406 11 4 1 .1 1 8 .933 1 .9 1 0 .024 .62 .04
0843-33 7 3 .728 .701 .471 .027 - .06 .19
0855+14 19 3 .847 .856 .782 .014 - .08 .04
0 9 1 5 -H 21 3 .801 .854 .985 .008 - .10 - .17
0941-08 9 4 .559 .493 .826 .011 - .08 ,20
0945407 18 3 .685 .717 .975 .010 .06 _ .22
1116-46 7 2 1 .006 .741 .341 .017 .67 .67
1123-35 7 3 .588 .639 .948 .024 .02 - .28
1142+19 14 2 .806 .814 .826 .011 - .02 - .02
1159-10 5 3 .742 .810 .904 .056 - .18 - .17
1214403 6 3 .699 .797 1 .4 6 8 .042 .10 _ • 59
1216406 16 5 .565 .556 .654 .003 - .22 .21
1221-42 8 3 .655 .511 »786 .022 .69 .04
1222+13 16 4 .635 .556 .747 .010 .20 .12
1228+12 12 3 .715 .839 .944 ,027 - .37 - .26
1233+16 12 3 .831 .939 .907 .062 - .40 _ .14
1246-41 8 3 .786 .792 .869 .045 .03 - .06
1249+09 11 4 .708 .596 1 .131 .018 .37 .04
1252-12 12 3 .619 .722 • 955 .009 - .21 - .31
1302-49 , 8 3 .370 .487 .240 .015 - .58 - .01
P4000
- ,24  *
.31
- .31 *
• 29 
.02
-I.06
.19
1 .2 7
- .16
- .25 *
.15 * 
.71 
.65 *
- .08 *
-  .50
-3 .9 1  *
.57  *
.21
- .27  * 
-1 .7 9  *
-  .64
.67
-  .74
-  .02  *
- .15
-1 .6 4  * 
-1 .2 4  *
- .95
- .94
- .09 *
.25 *
- .20
-2,16 * 
- .47 
.84
T able 5«1? c o n tin u e d
(b )  Radio G a la x ie s , co n tin u e d
C ata logue
number
PKS
No. o f  
f r e q s .
O rder
o f
f i t
00ö* ° iooo  a 4ooo S tan d a rd  e r r o r  o f  
g ra d ie n t
p400 p1000 p4000
1306-09 7 3 .464 . 5 2 5 .715 .034 - .09 - .22 - .41
1308-22 9 3 .894 1.091 1,194 .009 - .62 - .36 .02
1313+07
1322-42
8
4
3
2
.581 .570 , 6 5 1 .045 .09 - .04 - .23
1330+02 13 3 . 663 .612 .633 .026 • 19 .06 - .13
1334-29 5 3 1.093 1.227 .493 .014 - .96 .28 2.16
1334-17 4 2 .644 .780 .986 .039 - .34 - .34 - .34
1340+05 10 3 .698 .684 .388 .031 - .15 . 2 2 .77
1345+12 12 3 -.090 .405 .393 .020 - I .7 4 - .74 .78
1354+01 11 3 .747 .889 .987 .029 - .43 - .28 - .05
I3 5 8 - II 4 2 .61 .98 1.55 .14 - .9 - *9 - .9
1413-36 6 2 .431 .630 .931 .029 - .50 - *50 - .50
l4 l4 + l l 14 4 .724 .543 1.225 .011 .50 .18 -2 .9 8
1416-49 6 3 • 793 .935 . 5 4 5 .015 - .76 .04 1,25
1416-15 5 3 .844 .638 .667 .065 .74 .29 - .39
1417-19 6 3 .75 .95 . 5 5 .08 - .9 - .0 1 .4
1420+19 17 2 .844 .881 .936 .013 - .09 - .09 - .09
1425-01 11 3 .602 .720 1.169 .017 - .12 - *47 -1 ,02
1427+07 10 3 . 5 8 9 .682 1,054 .022 - .08 - .59 - .85
1436-16 6 2 .641 .761 .9^3 .049 - .30 - .30 - .30
1504-167 6 3 .257 .226 .382 .034 .21 - .06 - .46
1508+08 14 3 .958 .915 .827 .016 .09 .12 .17
1514-24 5 3 .409 .170 .133 ,054 .82 .39 - .27
1514+00 8 3 .539 .486 . 5 8 5 .033 .25 .02 - .34
1514+07 21 3 1.121 1.275 1.419 .012 - .45 - .33 - »15
1518+047 9 3 -.552 .120 1.64 .023 - I .3 6 -2 .0 2 -3 .0
1523+03 11 3 .423 .871 .652 .026 - I .7 2 - .53 1 ,26
1559+02 17 3 ,8 l4 .804 .860 .010 .07 - .02 - .16
1602-63 8 3 .950 1.254 1.016 .068 -1 .2 2 - ,30 1 .09
1603+00 12 4 1.016 .641 .670 .015 .84 .84 -1 .3 9
1641+17 14 3 .565 .623 .847 .012 - .06 - .24 - .51
1648+05 29 6 .944 1.049 1.034 .004 - .32 - .01 -1 .2 8
1655-77 5 3 .275 .753 .359 .021 -1 .94 - ,46 1 .77
1717-00 29 5 • 739 .698 .950 .004 .02 .12 -1 .35
1739+17 9 3 • 593 .742 .946 .025 - *39 - .36 - .32
T able 5»1? c o n tin u e d
(b )  Radio G a la x ie s , co n tin u e d
C atalogue
number
FKS
No. o f  
f r e q s .
O rder
o f
f i t
00-3"
ö
a iooo a 4ooo S tan d a rd  e r r o r  o f  
g ra d ie n t
P400 p1000 p4000
1 9 5 4 - 6 5 ^ 14 4 -■I.815 -.4 2 7  1.054 .004 -5 .21 -5 .49 - .75
1949+02 18 5 .724 .711 .771 .014 .08 - .02 - .18
1954-55
2014-55
9
5
5
2
.769 .779 . 826 .017 - .00 - .05 - ,11
2050-25 10 5 . 816 .866 .651
ONOJO - .52 .07 • 65
2040-26 9 4 • 995 .725 1.053 .014 .17 • 79 -2 .79
2045+06 19 5 .865 .937 1.096 .017 - .15 - .21 - .51
2048-57 8 4 .518 • 957 .920 .022 -1 .0 9 - I .5 8 2 .64
2055-20 9 5 .714 .727 .816 .020 .01 - .08 - .22
2058-28 10 4 .957 .804 • 975 .012 .15 .45 -1 .48
2104-25
2152-69
11 5 .719 .754 .926 .050 - .01 - .17 - .41
2211-17 21 5 .980 1.025 1 .208 .017 - .05 - .19 - .45
2212+15 12 4 . 866 .875 1 .6 .058 .25 - .4o -2 .
2247+11 9 5 .949 .920 .550 .017 - .14 .29 .94
2248+06 9 5 .555 .602 .829 .052 - .09 - .25 - .50
2252+12 15 5 .725 .848 1.185 .011 - .21 - .41 - .71
2508407 10 5 .852 .897 .902 .025 - .16 - .07 .05
2509409 15 5 .712 .755 .917 .008 .55 - .55 1.01
2515-18 4 2 .457 .5^7 .715 ,029 - .28 - .28 - .28
2514+05 19 5 .972 .980 .924 .010 - .21 .11 - .05
2517-27 8 5 .716 .703 .664 .058 .02 .05 .09
2524-02 9 5 .711 .675 .529 .056 .05 .15 .55
2556-61 15 6 .650 .9^7  (1 .6 7 3 )1 ,005 - .09 - .75 (-6 .6 9 )
Table 5 .1 , con tinued
( c ) Blank F ie ld O bjects
C atalogue :No. o f Order a 400 a io o onumber f  req_s. o f
FKS f i t
0033+18 14 3 .822 .907
0128+03 8 3 .706 1.031
0132-K)T 13 5 .680 .802
0138+13 14 4 .704 .760
0202+14 11 3 .643 .260
0235-19 11 3 .758 .821
0316+16 15 4 -.255 .169
0357-16 8 3 .710 .761
0404+03 13 3 • 591* .608
0411+05 9 3 •557 .79^
0519-20 9 3 .782 1.036
0624-05vvJ 22 3 .583 .651
0850-20 10 5 1.470 .806
0941+10 15 3 .960 1.070
1008+06 18 3 .898 1.018
1059-01 14 3 .929 .999
1138+01 16 3 .643 .725
1216-10 8 5 .662 .690
1239-04 13 3 .682 .782
1245-19 9 3
1317+17 10 3 .596 .670
1344-07 8 3 .953 .873
1434+03 7 3 .511 .482
1602-09 5 2 .563 .707
1602+01 19 3 .887 .970
1922-62 6 3 .577 .765
1938-15 12 3 .604 .678
2210+01. 12 4 .025 .422
2247+14 ^  v ' 12 3 .352 .382
2318-16 9 3 .867 1.035
2329-16 9 4 .923 .516
a 4000 Standard  e r r o r  o f 
g ra d ie n t
p400 P1000 p4ooo
1,051 .015 - ,20 - .22 - .25
1.303 • 039 - .96 -  .67 - .23
• 995 .022 - .69 .04 -1 .66
1 . 04l .014 - .41 - .03 -1 .2 8
.474 .010 1 .49 .44 -1 .15
.998 .017 - .17 - .24 - .34
.908 .006 - .07 -1 .6 9 .08
.918 .040 - .08 - .18 - .34 *
.698 .011 .01 - .08 - .22
.754 .027 - .86 - .33 .47
1.363 .028 - .68 - .60 - .48
.881 .005 - .09 - .25 - .51
1.329 .010 2 .07 .26 1 .51
I.0 9 9 .022 - .36 - .19 .09
1.127 .015 - .35 - .25 - .10 *
1.100 .020 - .18 - .17 - .16 *
.746 .015 - .28 - .14 .07 *
1.011 .015 .02 - .27 - .72 *
1.109 .019 - .13 - .37 -  .72
.785 .011 -  .18 - .19 - .19 *
1.130 .020 .49 - .05 - .80 *
.621 .023 .19 - .05 - .41 *
.926 .035 -  .36 -  .36 -  .36
1.041 .010 -  .24 -  .17 -  .06
1.023 .033 -  .49 -  ,46 -  .40
.966 .009 -  .07 -  .30 -  ,66
.774 .014 -  .73 - I .0 9 .31 *
.541 .020 -  .00 -  .15 -  .38 *
.979 .014 -  .63 -  .22 .40
K
'N
C
OOJ .008 .48 1.25 -1 .2 0  *
T ab le  5 .1 , c o n tin u e d
(d )  A d d i t io n a l  O b je c ts
C a ta lo g u e
num ber
FKS
No. o f  
f  r e q s .
O rd er
o f
f i t
cc200 a io o o a 4ooo S ta n d a rd  e r r o r  o f  
g r a d i e n t
p£oo P1000 p 4000
0008-42 13 4 .497 .472 1 .0 8 6 .014 2 .7 4 - 1 .5 2 .32  *
0023-26 14 3 .4 5 8 .5 8 7 .685 .003 - .20 - .1 7 - .15
0030+19 7 3 .333 . 514 .570 .047 - .6 0 - .31 .13  *
0039-44 4 2 • 753 .830 .944 .073 - .1 9 - .1 9 - .19
0106+01v 10 4 - .8 3 7 -1 .0 7 5 .070 - 3 .5 ^ .04
0122-00 9 3 .3 2 7 .3 2 8 .040 _ - .92
0124+18 8 3 - .295 .628 .040 -- - 2 .2 4 1 .1 3  *
0125-14 8 3 .845 .8 8 4 .851 .014 - .16 - .0 4 .15
0133+20 17 5 1 .0 5 4 .9 9 0 .955 .006 - .16 .42 - 1 .0 6
0202-17 9 3 - - .2 1 3 .370 .046 - .20 - 2 .1 4  *
0237-23 8 3 _ .440 .709 _ _ - 3 .4 5 _
0332 -39 5 3 .972 .991 - .052 - I .O 7 • 97 -
0333+12 10 3 .66 • 75 1 .0 5 - - - *
0 3 3 6 -0 1 v 12 3 .556 .3 8 8 - .3 5 2 .0 1 8 .10 .74 1 .7 2
0410-75 12 4 .7 8 9 • 779 .956 .005 - .0 9 .0 4 - .85
0417+15 5 3 1 .1 0 2 1 .0 8 2 .422 .017 - .36 .4 7 1 .7 2
0428+20 8 3 - .3 0 3 - .0 2 8 .567 .016 - .5 7 -  .0 8 - 1 .1 7
0 4 3 8 -4 3 v 14 3 - .1 4 7 .225 .146 .036 - .52 .13 1 .1 1
0 4 4 0 -0 0 v 20 4 - - .452 - - - *
0442 -28 13 3 • 931 .902 .8 6 8 .015 .0 8 .0 7 .05  *
0445-22 9 3 .695 1 .2 2 2 .023 _ - .9 4 - .81  *
0451 -28 8 3 - .106 .272 .040 - .46 - 1 .0 2
0 4 5 8 -0 2 v 6 3 .462 .200 .1 9 8 .114 .92 .4 0 - .3 9
0530+22 5 3 - .2 6 9 - - - .25 *
0614-34 10 3 .2 3 8 .452 .605 .017 - .65 - .43 - .0 8
0 6 3 7 -7 5 ^ 12 3 .451 .282 - .2 3 7 .037 .25 .6 0 1 .1 3
0735+17v 12 3 - - .0 4 9 .071 .033 - - .80 .40
0736+01v 9 3 .373 .162 .178 .034 .75 • 31 - .36
0834-19 8 3 - .737 • 970 .026 - - .0 9 - .6 9
0834-20 5 2 - - .159 .071 - - 1 .1 1
0855-19 9 3 .690 .4 1 7 .389 .020 . 9 ^ .43 - .34
1005-HD7 22 3 .586 • 73^ I .0 8 1 .015 - .2 9 -  .45 - .70
ll4 8 -O O v 11 5 - .2 6 7 .1 9 9 .605 .015 - 1 .2 1 - .4 6 - 4 .0 2
1151-34 8 3 - .1 7 5 .413 - .021 - .6 9 - .51 -
1201-041 9 3 .6 1 8 .761 .621 .046 - .6 0 - .12 • 59 *
T able 5»1> c o n tin u e d
(d )  A d d it io n a l O b jec ts , c o n tin u ed
C atalogue No. o f O rder a £00 a io o o a 4ooo S tan d a rd p 200 P1000 p 4ooonumber f r e q s . o f e r r o r  o f
PKS f i t g ra d ie n t
( v)1237-lC r ' 7 5 _ .051 .062 .041 -1 .5 5 1 .51
1240-20 6 2 - .702 .952 .022 - - .58 - .58  *
I2 5 2 + II 8 5 - - .105 .098 - - - I .2 6
1421-49 5 5 - .255 .435 .005 - .07 - .67
1446+00 8 5 .583 .570 .885 .059 .25 - .19 - .86 *
1452+16 11 4 — 1 .026 1 .0 .028 _ - .80
1508-05 7 5 - .509 .150 - - .29 • 97
15^9-79 7 5 .494 .556 .561 .014 - - .10 .08  *
1607+26 11 5 - .065 1 .0 2 4 .008 - -2 .2 5 - .9 4
1750-15 14 5 - .146 .188 .010 - - .15 - .00
1952-46 16 5 .867 .955 1 .027 .002 - .17 - .16 - .15
2012+25 15 4 .910 .986 1 .525 .009 - .14 - .28 - .95 *
2048-14 9 5 .688 .684 .774 .025 .07 - .05 - .25
2105+12 8 5 .569 .567 .678 .017 .08 - .07 - .50
2111-25 11 5 - .649 .837 .025 - - .04 - .58
2121+24^V) 20 5 .775 . 856 .968 .008 - .15 - .18 - .26
2126+07 15 4 .942 .856 1 .104 .012 .20 .15 -1 .1 9
2128-12 9 5 -.1 8 7 -.2 2 2 .015 .019 .28 - .10 - .69
2128+04 11 6 - .052 • 599 .006 - -1 .0 9 - .20
2 l45+ 06v 15 4 .217 - .0 2 1 - .4 3 3 .015 - .08 1 .02 - .25
2145+15 16 4 .618 .870 .856 .016 - .57 - .56 .98
2154-18 8 5 .878 1 .0 7 8 - .018 - .68 - .55 -
2159+04 12 5 .609 .674 .709 .014 - .20 - .12 .00  *
2204-54 8 5 - - .1 1 5 - .0 8 6 .055 - .11 - .20
2216-28 9 5 .862 • 975 1.281 .015 - .19 - .57 - .65
2216-05 9 5 .818
O
J - .4 0 9 .047 .76 1 .1 5 1 .6 9  *
2500-18 5 2 - - .055 .015 - - 2 .1 6
2528+10 11 4 .665 .165 .209 .009 .55 1 .5 9 -5.O 5 *
2331-41, 
2344+09' ‘
11 5 .786 .905 .916 .025 - .40 - .19 .14
7 5 .255 .358 .006 .051 - .66 .05 1 .1 2  *
2 5 4 5 -l6 V 9 5 _ - .2 9 4 -.5 0 1 .192 - 2 .11 -1 .4 2
2549-01 5 5 .681 .558 .842 .020 .62 - .00 - .94
2554-11 8 5 1.005 .551 .561 .051 2 .5 9 1 .0 0 -1 .1 0
N otes : T able 5 .1
V = v a r ia b le  spectrum . D ata in  Appendix B. 
(V) = p o s s ib ly  v a r ia b le .
e x t
e x t
C ata logue
number
PKS
( a ) QffOs
0017+15
0159-11
0540-K)4
0405-12
0758+14
0812+02
0850+14
1040+12
1116+12
1156-15
1527-21
1555-06
I 618+I7
2251+15
= 1 : Sm all u n c e r t a in ty  in  r e s o lu t io n  c o r r e c t io n  a t  5000 MHz. 
= 2 : Large u n c e r t a in ty  in  r e s o lu t io n  c o r r e c t io n  a t  5000 MHz.
N egative  c u rv a tu re  confirm ed  by B r id le  and P u rto n  ( 1968 ).
s l4 0 0 ’ s l 4 l 0 ’ s l4 2 5 ’ s 750 h ig h  r e l a t i v e  to  o th e r  f lu x  
d e n s i t i e s  below  1000 MHz. No b ro ad en in g  o f  5000 MHz scan s .
C onfusing  sou rce  6m25S E, 48 ' N.
High i s  p ro b ab ly  r e a l .
B roadening  o f  655 MHz, b u t no t 5000 MHz scan s .
Confused a t  10 MHz (B r id le  and P u rto n , 1968 ).
Sg5  ^ to o  l a r g e .  No co n fu s in g  so u rce  c a ta lo g u e d .
Maybe an exam ple o f  a 'b r e a k ' spectrum .
h ig h  (B r id le  and P u rto n , 1 9 6 8 ).
960 and S58 *C onfusing  sou rce  2 26 E, 2 5 ' N, a f f e c t i n g  S 
Sp425 h ig h . No v a r i a b i l i t y  found a t  5000 o r  2650 MHz.
Sl 4 l 0  loWo
Maybe an exam ple o f  a 'b r e a k ' spectrum .
'2695
558
h ig h , 
may be co n fu sed .
Notes : Table 5»lf continued
Catalogue
number
FKS
(b) Radio
0002+12
0007+12
0045-25
0125-01
0124+00
0151-56
0215-15
0218-02
0255+05
0507+16
0520-57
0520+05
0551-01
0556-55
0544-54
0546-27
0556+10
0427-55
0450+05
0511-50
0511+00
0518-45
0551+19
0654-20
0724-01
0800-09
0812-02
0818+17
Galaxies
ext -  1. 
ext -  1.
No reso lu tion  correction  fo r halo a t highest frequencies, 
Confusion by 0122-00 a ffec tin g  low frequencies, 
ext = 2. 
ext =5 2.
Includes 0215-152 and 0215-155; separation ~ 14 ',
^2695 h ig h .
^2695f °10 high•
S^Q confused (Bridle and Purton, 1968).
Fornax A. Very extended, 
ext =s 1 .
S .q confused (Bridle and Purton, 1968).
ext = 1 .
S ca tte r due to  uncertain  resolution?
May be a confusing source or component at low frequencies, 
low.
Resolution correction  may be overestimated a t 5000 MHz.
confused, 
ext =» 1 .
Below 178 MHz, may be confused by 4CQ1.15* 
ext = 1. Not Included in  co rre la tio n s .
Less than 0i5*
Not used in  co rre la tio n s , 
ext = 1 .
ext = 2 . 612 separation double.
3 ^  confused (Bridle and Purton, 1968).
^l4lQ  "k® GOn^ 'u-sa^* ex=ti s
N otes : T able 5 , 1 , co n tin u e d
C ata logue
number
FKS
(b )  Radio G a la x ie s , c o n tin u ed
0Ö1 9 -KD6 May be a co n fu s in g  so u rce  a t  low f re q u e n c ie s .
0843-33 R e so lu tio n  c o r r e c t io n  o v e re s tim a te d  due to  complex s t r u c t u r e
0915 - H
0941-08
Assume no h a lo  a t  5000 MHz. may be co n fu sed ,
e x t -  1 .
1214+03 e x t = 1 .
1228+12 Scans a t  5000 MHz n o t b roadened .
1233+16 May be co n fu sed .
1249+09 e x t = 1 .
1322-42 C en tau rus A. e x t = 2 .
1330+02 S teep  spectrum  h a lo  o r  co n fu s in g  sou rce  ca u s in g  h ig h
lo w -freq u en cy  f lu x  d e n s i t i e s .
1334-29 e x t = 2 .
1340+05 Low freq u en cy  f lu x  d e n s i t i e s  co n fu sed .
1345+12
1354+01
1414+11
S l4 l0  a f f ec 'te(i  t y  r e c e iv e r  i n s t a b i l i t y .  May be co n fu sed . 
S^g> ^85 i nc l U(3-e 1355+01. e x t = 1 .
e x t = 1 .
1416-15 e x t = 2 .
1420+19 B reak a t  ~ 500 MHz.
1425-01
1427+07
£>1425 low. May be s e p a ra te  component a t  low f r e q u e n c ie s ,  
e x t = 1 .
1508+08 S c a t t e r  a t  low f re q u e n c ie s .
1514-24 e x t = 1 .
1514+00 e x t = 1 .
1518+047 e x t = 1 .
1 5 2 3 ^ 3 e x t = 1 .
1559+02
1602-63
S^q may be con fu sed  by 3C3 2 7 . 1 . 
e x t = 2 .
1 6 0 3 ^ 0 e x t = 1 . F req u en c ies  < 400 MHz may be co n fu sed  by 1602-002, 
1602+0 1 , 1602-003.
N otes : T able 5 .1 , c o n tin u e d
C atalogue
number
PKS
( b ) Radio 
1717-00
1739+17
2014-55
2045406
2104-25
2152-69
22474-11
2248406
22524-12
2508407
2509409
2515-18
2524-02
2556-61
( c ) B lank 
0557-16 
10084-06 
1059-01  
1158401 
1216-10  
1517+17 
1544-07 
14544-05 
2210401 
22474-14 
2518-16  
2529-16
G a la x ie s , c o n tin u ed
co n fu sed . U n c e rta in  r e s o lu t io n  co u ld  acco u n t f o r  low
S5000* 
e x t = 1 .
e x t = 2 . Halo assumed n e g l ig ib le  a t  h ig h  f r e q u e n c ie s .
S i4io  low. Background i r r e g u l a r  a t  655 MHz.
Q uite  la rg e  r e s o lu t io n  c o r r e c t io n .
Not u sed  in  c o r r e l a t i o n s .
e x t = 1 . S96q h ig h .
e x t = 2 .
e x t = 1 .
e x t = 2 .
e x t = 1 .
e x t = 1 .
e x t  = 2 .
e x t = 2 .
F ie ld  O b jec ts
S i425 h ig h . e x t = 1 .
Siq  co n fu sed  by IOO5+O7 .
Scans a t  5000 MHz n o t b ro ad en ed . Sg,_ S ^ g  h ig h .
S408 h ig h . May be co n fu sed , 
e x t  = 1 .
No s t r u c t u r e  d a ta  in  p .a .  0 ° . e x t = 1 . 
s 85.5 h lg h -
S58> s 8 5 . 5 h i §h. e x t  = 1 .
Less th a n  0.'25 in  p .a .  90°» e x t = 1 .
Scans a t  5000 MHz no t b roadened  (< J25 in  p .a .  9 0 ° ) . 
e x t  = 1 .
C onfusing  source  ~6.'5 in  p .a .  90° (M ilne , p r iv a te  
com m unica tion). Scans a t  655 and l4 l0  MHz b ro ad en ed , e x t = 1.
Notes : Table 5»1> continued
Catalogue
number
PKS
(d) Additional Objects
0008-42
0030+19
0124+18
0202-17
0333+12
0440-00
0442-28
0445-22
0530+22
1201-041
1240-20
1446+00
1549-79
2012+23
2159+04
2216-03
2328+10
2344+09
high.
Less than OJ25 in p.a. 90°.
Might be confused by 4ci8.6.
So,- c may be confused by 0202-1 8 .
 ^  ^ oLess than 0.'25 in p.a. 90 .
 ^ may be confused by 0439+01.
Resolution correction may be an overestimate.
Less than 0i25 in p.a. 90°.
Tau A. Too large and complex. Not used in correlations. 
Confused by 1201-045 (17'4 S).
Less than 0J4 in p.a. 0°.
Data poor. Less than 0125 in p.a. 90°.
Confused by 1547-79.
Low-frequency maximum between 10 and 22 MHz (Bridle and 
Purton, 1968).
In p.a. 90° ~ 0J30.
 ^ very high. Perhaps confused by 2214-03 (4C-03.7Ö). 
Less than 0J4 in p.a. 90°.
Less than 0J25 in p.a. 90°.
TABLE 5 .2
SPECTRAL INDICES AND CURVATURE AT EMITTED FREQUENCIES
C a ta lo g u e No. o f O rd e r cc
Ö
a lo o o a 4000 S ta n d a rd p400 P1000 p 4ooonum ber f r e q s . o f e r r o r  o f
PKS f i t g r a d i e n t
0003 -00 16 3 .6 6 8 .679 .732 - .00 - .05 - .12
0017+15 IT 3 .902 1 .0 1 1 1 .1 2 9 -  .30 -  .2 4 -  .15
0056 -00 9 3 .5 ^5 .335 .415 .0 0 9 .7 9 .26 -  .53
0159-11 11 3 - .1 7 4 .209 .691 .023 - 1 .0 3 - .9 0 - .70
0229+15 10 3 .404 - .0 4 6 .0 3 4 1 .8 4 - .3 ^
0549 -14 11 3 .8 9 9 .951 1 .0 0 1 .013 - .15 -  .11 - .06
03 5 0 -0 7 12 3 .601 .8 6 8 1 .0 4 0 .020 -  .82 - .52 - .05
0403-13 9 3 - .2 4 2 .351 .468 .004 - 2 .0 0 - .9 7 .5 8
0405-12 10 3 .791 .600 .420 .022 .55 .41 .1 9
0518+16 20 8 .215 .392 .633 .007 - .46 - M -  .3 8
0725+14 16 4 .856 .865 .8 5 8 .015 - .04 -  .01 .03
0802+IO 13 3 .873 .944 1 .0 1 8 .015 - .20 - .1 6 - .0 9
0812+D2 12 4 .646 .771 • 7^9 .012 - .31 -  .2 6 .46
0837-12 8 2 .890 .846 .776 .046 .12 .12 .12
0838+13 16 4 .834 .763 .555 .010 .01 .31 .30
0850+14 19 3 .952 1 .0 4 8 1 .0 8 4 .017 - .31 - .1 7 .05
0859-14 11 3 .726 .373 .230 .087 1 .1 5 .63 - .15
1040+12 21 3 .696 .680 .659 .009 .04 .0 4 .03
10 4 8 -0 9 12 4 .646 .847 .874 .0 1 9 - 1 .3 7 .0 9 -  .8 0
1116+12 14 4 .649 .437 .320 .013 .67 .40 - .01
1127 -14 12 3 .126 - .0 6 5 - .1 0 2 .022
1136-13 8 4 .8 0 8 .840 .650 .010 - .24 .0 8 .55
1226+02 35 6 .3 6 8 .164 .041 .0 0 9
1229-02 9 3 .670 .683 .423 .032 - .22 .15 • 71
1232 -24 8 3 .771 .826 1 .0 5 1 .033 - .05 - .2 3 -  .51
1241+16 15 5 .8 2 8 .904 .860 .0 0 7 - .2 9 - .0 8 .23
1253-05 28 5 .2 7 8 - .0 0 4 - .1 7 6 .0 1 8 .8 8 .5 ^ .03
1327-21 7 3 .8 1 0 .723 .578 .0 3 ^ .21 .2 3 .25
1335 -06 7 5 .800 .8 5 8 .9 ^6 .003 - .15 -  .15 - .1 4
135^+19 12 5 • 755 .6 5 7 .382 .014 .16 .33 .59
l4 l6 + 0 6 21 5 .873 1 .0 4 6 1 .1 7 7 .0 0 8 -  .7 8 -  .2 7 .0 4
1453 -10 8 2 .7 3 ^ • 7^7 .767 .0 2 8 - .0 3 - .03 - .03
151 0 -0 8 12 4 - .0 8 9 .225 .025 .0 6 4 -1 .2 3 - .3 ^ 1 .0 1
1618+17 14 4 .8 9 0 .8 4 7 .959 .0 0 9 .23 - .01 -  .36
21 3 5 -1 ^ 8 3 .7 1 0 .7 ^ 7 .860 .041 - .05 -  .13 - .24
T able 5 »2 , c o n tin u e d
C atalogue
number
FKS
No. o f  
f r e q s .
O rder
o f
f i t
00
0
aiooo
2223-05 20 3 .667 .662
223O+II 18 5 - .7 4 5 -.1 3 4
2249+18 15 3 • 7^7 .812
A d d itio n a l QSOs
0106+01 10 4 1.621
0122-00 9 3 .768
0133+20 17 5 1 .023  1 .011
0202-17 9 3 .250
0237-23 8 3 -1 .5 2 6
0736^1 9 3 .433 •189
1148-00 11 5 1.091  -.340
I2 5 2 + II 8 3 -.1 3 3  -.074
2128-12 9 3 -.1 2 3  - .2 2 6
2216-03 9 3 .995 .721
2344+09 7 3 .041 .323
2345-16 9 3 .258
a4ooo standard p4oo p1000 p4ooo
e r r o r  o f 
g ra d ie n t
472 .020 - .11 .13 .50
442 .008 - 1.77 - I .3 0  -- .61
798 .015 - .24 - .09 .13
- .2 7 0 .070 - 4.51 1.77
.190 .040 - 1 .8 8 .04
.865 .006 - .06 .11 .37
-.1 9 4 .046 - 1.91 - .44
.026 - - -3 .2 0 -1 .9 6
.154 .034 .83 • 39 - .28
.220 .015 - - .62 .08
.014 .098 - .15 - .15 - .15
- .0 8 9 .019 .45 .06 - .52
.027 .047 .50 .87 1.43
.213 .051 - I .0 7 - .35 • 72
- .6 6 9 .192 - 3.30 - .22
TABLE 3 .3
( a )  Q,S Os
C ata logue  s10oo ^ lO ^ V o O  ^ lO ^ O O O  Log1 0 J Pf d f
number
FKS
0003-00 9 .05 4 .8 3 2 8 .17 2 7 .9 0 37 .67
0017+15 8 .3 0 3 .11 28 .79 28 .4 1 38 .15
0021-29 8 .0 0 3 .8 0
0056-00 3 .81 2 .8 0 27 .45 2 7 .2 8 37 .14
0155-10 6 .0 6 2 .8 2
0157-31 9 .53 4 .85
0159-11 4 .6 i 3 .7 4 27 .37 2 7 .3 6 37 .08
0202-76 8 .3 4 3 .2 4
0229+13 (1.51)1 1 .4 4 27 .9 8 27 .6 3 37 .74
0340+04 7 .3 8 3 .6 9
0349-14 9 .7 1 4 .0 6 27 .83 27 .4 6 37.26
0350-07 9 .2 0 4 .0 0 28 .13 27 .8 3 3 7 + 7
0403-13 6 .4 6 4 .7 7 27 .40 2 7 .3 6 37.13
0405-12 6 .4 9 3 .7 4 27 .56 2 7 .2 9 37 .28
0408-65 4 4 .9 2 1 .8
0518+16 16 .10 1 1 .07 28 .07 27 .95 37 .68
0725+14 6 .6 6 3 .02 28 .33 2 7 .9 9 37 .78
0758+14 7 .3 9 3 .3 8
0802+10 6 .3 0 2 .5 6 28 .62 28 .2 6 38.02
0812+02 5.25 2 .6 4 27 .16 2 6 .8 8 36.62
0825-20 9 .3 0 4 .82
0837-12 5 .29 2 .4 0 26 .60 26 .2 5 36 .09
0838+13 6 .6 5 3 .3 4 27 .73 27 .4 1 37.21
0850+14 8 .8 0 3 .3 3 28 .32 27 .92 37 .67
0859-14 4 .75 3 .62 2 8 .04 27 .8 3 37 .84
1040+12 7 .7 0 4 .15 28 .10 27 .82 37.61
1048-09 6 .1 7 2 .8 2 27.IO 2 6 .7 8 36.45
1055+01 4 .2 8 3 .6 4
1116+12 3 .66 2 .6 5 28 .26 2 8 .0 4 37-99
1127-14 5 .46 5.95 27 .84 27 .8 3 3 7 .8 8
1136-13 12 .03 5 .60 27 ,82 2 7 .4 8 37.26
1226402 56.3 4 5 .8 27 .39 2 7 .2 9 3 7 .29
1229-02 4 .4 6 2 .3 8 27 .06 2 6 .7 9 3 6 .60
1232-24 6 .55 3 .1 0 27 .17 26 .85 36.62
1241+16 8 .9 8 3-9^ 27 .70 2 7 .35 37 .09
R a d io -o p tic a l
s p e c t r a l
index
O.856
0.674
0.713
O.69O
0 .628
O .78I
0 .614
0 .610
O .69I
0 .723
0.563
0 .584
0.703
0 .504
1 .218
0.832
O .76I
0.668
0.686
0.701
0.691
0 .466
0.745
0.633
0.665
0 .689
0 .574
0 .884
0 .840
0.822
0 .754
0 .617
0.602
0 .600
0 .788
Table 5•3
( a )  QSOs
C atalogue
number
PKS
1253-05
I3 1 8 + II
1327-21
1335-06
1354+19
l4 l6 + 0 6
1420-27
1422-29
1453-10
1510-08
1524-13
I618+ I7
2115-30
2135-14
2209+08
2223-05
2230+11
2249+18
c o n tin u e d
c o n tin u e d
S400 S1000 ^ l O ^ O O  ^lO ^LO O O  ^ g1 0 J Pf d f  R a d io -o p tic a l
s p e c t r a l
index
1 0 .8 4 1 0 .7 9 27 .63 27 .5 8 37 .69 0.999
5 .1 7 2 ,8 7 0 .773
4 .6 4 2 .3 8 27 .35 27 .05 36.86 0.590
9 .9 5 4 .5 3 27 .83 27 .50 37.25 0.692
4 .9 1 2 .7 2 27 .62 27 .34 37 .19 0 .619
2 3 .9 0 8 .7 3 28 .97 28 .5 8 38.21 0.654
7 .7 8 3 .3 5 0.685
7 .1 1 3 .2 4 0.610
1 0 .3 6 5 .21 28 .17 27 .8 7 37.65 0.706
4 .1 1 3 .4 8 26 .88 26 .84 36.76 0 .730
5 .82 3 .4 2 0.900
6 .0 8 2 .7 9 27 .53 2 7 .19 37.12 0 .534
5 .8 4 3 .1 7 0 .589
9 .4 8 4 .8 5 26 .84 26 .55 36.30 0 .517
3 .8 7 2 .3 1 0 .718
1 3 .0 0 7 .35 2 8 .57 28 .30 38 .10 0.931
7 .4 7 7 .5 0 27 .73 27 .90 37.74 0 .784
5 .75 2 .7 1 28 .44 28 .12 37.86 0 .719
Table 5 »35 co n tin u e d
( b ) Radio G alax ies
C ata logue
number S400 s iooo  l° sio p4oo Log10P1000
11 0 3
^ l O  J  pf c
PKS
0000-17 6 .4 9 2 .9 6 26 .35 26 .01 35 .83
0002+12 5.25 2 .5 8 26 .94 26.62 36.49
0007+12 5 .19 2 .5 4 26 .34 26 .03 35.82
0034-01 9-75 5.23 25 .99 25.72 35-46
0035-02 15.51 8 .01 27 .13 26 .85 36.61
0043-42 17 .67 9 .72 26 .94 2 6 .69 36.43
0045-25 12 .73 7 .1 0 23 .02 2 2 .77 32 .50
0051-03 5.96 2 .8 1 26 .69 26 .36 36 .13
0055-01 11 .07 6 .5 3 25.62 25 .40 35.15
0106+13 30 .40 16 .79 26 .31 26 .05 35 .77
0114-21 9 .9 6 5.16 27.OO 26 .73 36 .40
0123-01 17 .96 7 .70 25 .04 24 .6 7 34 .44
0124+08 3 .3 0 2 .0 7 26 .51 26 .31 36.12
0131-36 19 .50 10.75 25.52 25 .62 3^ .9 7
0213-132 14 .1 8 6 .4 4 26 .9 8 26 .64 36.37
0218-02 11 .61 4 .91 27.25 26 .89 36.65
0219+08 6 .02 3 .21 26 .94 26 .67 36.45
0240-00 11 .03 6 .25 23 .46 23 .21 32 .93
0255+05 13 .40 8 .0 0 25 .17 2 4 .94 34.75
0300+16 6 .5 3 3 .62 25.12 24 .87 34.62
0305+03 13 .40 8 .61 25.32 25 .13 34.91
0307+16 14 .61 6 .5 0 27 .25 26 .90 36.63
0320-37 12 .90 36.25 24 .90 24 .35 34 .29
0320+05 5.83 3 .6 6 27 .15 26 .9 9 36 .60
0325+02 IO .87 6 .05 25 .27 25 .02 34 .79
0331-01 9 .4 0 3 .9 7 26 .81 26 .44 36 .33
0336-35 6 .9 3 3 .3 0 23.92 23 .60 33.35
0344-34 9 .3 6 4 .46 26.44 26 .12 35 .84
0346-27 13 .20 14 .19 26 .10 26.05 37 .36
0349-27 1 4 .79 7 .0 9 26 .44 26.12 35 .93
0356+10 25 .40 13.82 25.65 25 .39 35 .17
0427-53 13 .50 6 .8 9 25 .59 25 .30 35 .14
0430+05 6 .0 5 (3 .9 6 ) 25 .10 (2 4 .9 0 ) (3 5 -7 7 )
05H+OO 8.11 3 .80 26 .39 26 ,06 35.81
0511-30 7 .6 3 4,11 26 .14 2 5 .88 35 .54
T able 5. 3 j continued.
(b )  Radio G a lax ie s , c o n tin u e d
r 10 10
C atalogue
number
PKS
S400 S!000 ^ g10P400 ^lO ^LO O O ^ 1 0 ^
0518-45 160. 8 3 .7 26 .55 2 6 .2 7 36.01
0521-36 34 .6 2 0 .7 2 6 .3 8 26 .16 35 .91
0531+19 13.63 8 .4 4 2 6 .39 26 .1 9 35 .89
0618-37 6 .6 6 3 .62 25 .93 25 .6 7 35 .^5
0625-35 9 .3 9 5 .70 26 .12 2 5 .90 35 .68
0642-43 4 .1 0 2 .3 4 25 .6 0 2 5 .36 35.05
0715-36 6 .0 9 2 .8 9 26 .21 25 .8 9 35 .60
0718-34 5.65 2 .7 1 25 .75 2 5 .43 35.31
0 7 1 9 -H 3 .7 8 2 .0 6 26 .20 25 .93 35 .7 ^
0724-01 7 .7 0 3 .72 26 .95 26 .63 36.46
0800-09 5.51 2 .8 4 26 .47 26 .20 35.86
0806-10 I I .7 8 5 .40 26 .9 8 2 6 .64 36 .41
0812-02 7 .65 2 .6 7 26 .74 2 6 .2 8 36 .17
0818+17 3 .80 2 .1 8 26 .46 26 .23 35.93
0819-30 7 .24 4 .2 3 25 .2 9 25 .06 34.75
0819+06 7 .35 2 .8 5 25 .96 25 .55 35-37
0843-33 5.41 2 .7 9 24 .57 2 4 .2 8 34 .08
0855+14 7 .55 3 .4 4 27 .14 26 .80 36.57
0 9 1 5 -H 1 2 2 .8 57 .6 26 .81 26 .4 8 36 .20
094i - o8 4 .31 2 .9 4 26 .62 26 .45 36.23
0945+57 18 .32 9 .7 3 26 .40 26 .12 35.92
1116-46 6 .3 8 2 .9 8 2 5 .89 25 .55 35.43
1123-35 5 .46 3 .1 4 25 .25 25 .01 34.75
1142+19 15 .74 7 .4 9 2 5 .10 24 .7 8 34 .57
1159-10 4 .5 7 2 .2 4 26 .52 26 .21 35.95
1214+D3 6 .4 5 3 .32 25 .85 25 .56 35-37
1216+06 37.15 2 1 .95 24 .5 4 24 .31 34.11
1221-42 4 .8 l 2 .8 8 26 .34 26 .11 35 .89
1222+13 12 .30 7 .6 0 23 .3 0 23 .0 9 32.85
1233+16 5 .81 2 .5 7 26 .47 26 .12 35 .87
1246-41 1 0 .4 7 5 .09 24 .1 7 23 .86 33 .66
1249+09 3 .5 7 1 .9 8 26 .57 26 .30 36.03
1252-12 1 8 .5 9 10 .10 24 .86 24 .5 9 34 .30
1302-49 1 2 .8 9 7 .93 22 .63 22 .42 32 .29
1306-09 8 .4 3 5 .38 26 .6 9 2 6 .50 36 .24
Table 5 »5 j c o n tin u e d
(b )  Radio G a la x ie s , c o n tin u e d
r!0 :
C atalogue S400 S1000 ^SicAoo ^ lO ^ O O O to «L0Anumber 1
FKS
1308-22 19.37 7 . 7 k 27 .1 6 26 .77 36.15
1313-K)T 3.77 2 .14 25 .05 24 .80 34.60
1322—4-2 I5 6 7 . 509. 2 4 .8 7 24 .3 8 31.25
1330+02 6 .36 3 .5 1 26 .72 26.46 36.30
1334-29 6.31 2 .9 7 2 2 .15 21.82 31.75
1331-17 3.97 2 .0 6 2 6 .7 9 26.53 36.21
134-0+05 3 .6 7 1 .9 3 2 6 .0 8 25.80 35.58
1345+12 7.41 6 .2 2 2 6 .1 8 26 .13 35.87
1354+01 7 .1 0 3 .3 1
1 3 5 8 -H 6 .79 3.27 25 .5 0 25.19 31.76
1413-36 4.19 2 .8 2 2 6 .2 7 26 .07 55.77
1414+11 8 .5 6 5.32 24 .9 6 24.75 31.51
l 4l 6-49 7.13 3 .1 6 2 6 .1 9 25 .85 35.55
1416-15 5 .61 2 .6 0 27 .22 26 .87 36.79
1417-19 6 .1 0 2.72 26 .21 25 .87 35.55
1420+19 10 .87 M 3 2 6 .9 8 26.64 36.41
1425-01 7 .8 8 1.35 26 .55 26 .30 36.03
1427+07 4.51 2.55 26 .6 6 26.41 36 .15
1436-16 4 .6 7 2.46 2 6 .6 7 26.41 36.10
1504-167 3.97 3 .2 1 2 6 .3 8 26 .29 36.15
1508+08 1 2 .06 5 .10 27 .32 26.94 36.83
1514-24 3 .02 2.34 25 .55 2 5 .13 35.37
1514+00 4.80 3 .0 2 25 .75 25.55 35.39
1514+07 25.40 8.45 2 5 .7 8 25.30 35.10
1518+047 3.72 4.87 26.24 26 .38 35 .98
1523+03 5.07 2 .6 8 2 6 .86 26.65 36 .26
1559+02 24.80 11 .82 26 .7 0 26 .3 8 36 .20
1602-63 23 .0 0 8 .1 3 26,44 26 .00 35.65
1603+OO 5.31 2 .4 9 25.73 2 5 .38 55.23
1641+17 8 .1 6 k . 7 7 26.41 26 .1 8 55.92
1648+05 1 5 3 .8 65.4 27.84 27.47 57.20
1655-77 5.14 2 .7 6 2 5 .9 8 25.71 55.51
1717-00 13 8 .0 7 1 .0 2 6 .3 9 2 6 .10 35.86
1739+17 4 .2 7 2.32 25 .06 24.80 31.17
1934-63 5 .15 14.51 26 .71 27 .31 57.20
T ab le  5«3.* c o n tin u e d
(b )  R adio  G a la x ie s , c o n tin u e d
C a ta lo g u e S40 0 s io o o ^ l O ^ O O ^ i o ^ iooo ^ 1 0  J  'num ber
PKS
1 9 ^ 9 4 0 2 1 4 .6 8 7 .6 0 2 5 .9 8 2 5 .7 0
u 1
3 5 .5 0
1 9 5 + 5 5 1 6 .6 3 8 .1 8 2 6 .7 7 2 6 .4 6 3 6 .2 5
2 0 3 0 - 2 3 7 .0 7 3 .2 3 2 7 .3 0 2 6 .9 7 3 6 .7 0
2 0 4 0 - 2 6 5 .8 7 3 .0 6 2 5 .1 6 2 4 .8 7 3 4 .6 8
2 0 4 5 + 0 6 7 .8 1 3 .4 2 2 6 .6 8 2 6 .3 3 3 6 .1 0
2 0 4 8 - 5 7 5 .0 4 2 .5 6 2 5 .1 0 2 4 .8 1 3 4 .4 1
2 053 -20 6 .5 5 3 .3 9 2 6 .3 6 2 6 .0 7 3 5 .8 5
2 0 5 8 -2 8 1 3 .7 7 7 .0 6 2 5 .9 9 2 5 .7 0 3 5 .5 1
2 1 0 4 - 2 5 2 9 .7 3 1 5 .2 0 2 6 .2 7 2 5 .9 7 3 5 .7 ^
22 1 1 -1 7 3 2 .7 3 1 3 .1 1 2 7 .5 5 2 7 .1 6 3 7 .0 5
2212+13 1 0 .8 7 +  9 9 2 5 .1 8 2 4 .8 4 3 + 5 9
2247+11 7 .6 0 3 .1 8 2 5 .0 2 2 4 .6 4 3 4 .4 4
2 2 4 8 + 0 6 3 .5 4 2 .1 2 2 6 .3 9 2 6 .1 7 3 5 .9 1
2252+12 8 .0 0 3 .9 2 2 5 .2 2 2 4 .9 1 3 4 .6 3
2308+07 U 9 5 2 .2 2 2 5 .1 1 2 4 .7 6 3 + 5 2
2309+09 6 .6  5 3 .3 0 2 6 .8 2 2 6 .5 2 3 6 .2 7
2 3 1 3 -1 8 2 .5 5 1 .6 2 2 6 .5 4 2 6 .3 6 3 6 .1 2
2314+03 1 4 .8 9 6 .0 4 2 7 .1 4 2 6 .7 5 3 6 .4 7
2 3 1 7 -2 7 7 .1 5 3 - 7 3 2 6 .6 3 2 6 .3 5 3 6 .1 4
2 3 2 4 - 0 2 5 .4 1 2 .8 6 2 6 .2 8 2 6 .0 0 3 5 .8 0
2356 -61 6 3 .9 ( 3 1 .9 ) 2 7 .1 9 ( 2 6 .9 ) ( 3 6 .8 )
o
 
pm
T able 5»3j c o n tin u e d
( c ) Blank F ie ld  O b jec ts
C ata logue
number
FKS
S400 S1000
0033+18 5 .95 2 .6 9
0128+03 7o25 3 .2 4
0132-K)T 5.86 3 .0 4
0138+13 6 .9 2 3 .51
0202+14 4 .8 4 4 .0 6
0235-19 1 2 .1 9 5 .98
0316+16 7 .8 8 8 .6 1
0357-16 4 .93 2 .5 2
0404+03 11 .62 6 .7 4
0411+05 4 .75 2 .5 2
0519-20 6 .4 6 2 .8 1
0624-05 40 .76 23 .2 2
0850-20 6 .9 0 3 .0 8
0941+10 8 .6 0 3 .3 8
1008+06 9 .6 0 3 .9 8
1059-01 9 .0 0 3 .7 2
1138+01 6 .1 0 3 .2 5
1216-10 6 .2 1 3 .3 4
1239-04 8 .9 9 4 .6 4
1245-19 7 .3 4 6 .1 1
1317+17 3 .6 3 2 .0 4
1344-07 6 .0 9 2 .6 8
1434+03 3 .6 7 3 .5 9
1602-09 7 .7 1 4 .3 1
1602+01 1 3 .5 7 5 .7 9
1922-62 5 .14 2 .7 8
1938-15 15 .35 8 .5 9
2210+31 4 .3 1 3 .2 2
2247+14 3 .2 7 2 .3 5
2318-16 7 .7 3 3 .2 0
2329-16 2 .8 2 1 .7 1
T able 5 . 3 , c o n tin u e d
( d ) A d d it io n a l  O b jec ts
C ata logue
number S400 siooo Log10P400 ^lO ^O O O 105107 p:
FKS
0008-42 6.79 5.47
0023-26 17.50 10.54
0030+19 3.36 2.26 26.50 26.35 56.08
0039-44 9.89 4.79
0106+01 2.03 1.26 28.93 27.88 40.72
0122-00 3.14 1.83 27.94 27.45 57.58
0124+18 I.27 1.66 24.78 24.92 54 .59
0125-14 7.48 3.38 27.29 26.95 56.71
0133+20 13.54 5.35 27.73 27.32 57.16
0202-17 1.23 1.31 27.71 27.42 58.46
0237-23 3.66 6.64 27.00 27.88 58.20
0332-39 4.94 2.27
0333+12 8.34 3.04
0336-01 3.43 2.18
0410-75 34.77 16.90
0417+15 3.54 I.27
0428+20 3.24 3.80
0438-43 9.19 6.95
0440-00 1.85 3.05
0442-28 21.15 9.13 27.00 26.63 56.51
0445-22 4.09 2.58 26.94 26.80 56.45
0451-28 3.06 2.41
0458-02 3.07 2.31
0530+22 1271. 961.
0614-34 4.54 3.28 26.62 26.50 56.25
0637-75 7.45 5.27
0735+17 2.19 2.0 6
0736-+01 3.12 2.47 26.29 26.17 56.10
0834-19 11.63 5.88
0834-20 19.28 7.39
0855-19 2.59 1.59
1005+07 15.35 8 .4 l
57-781148-00 3.30 3.30 27.90 27.90
1151-34 9.38 7.12
1201-041 5.70 2.99 26.53 26.26 55.96
R a d io -o p tic a l
s p e c t r a l
index
O.889
0.626
0.734
0.724
0.715
0 .6 3 2
0.795
0.935
0.797
0.717
Table 5*3; continued
(d) Additional Objects, continued
r  1 0 1U
C ata logue CQ
■f
r
O O siooo ^ l O ^ O O ^ lO ^ lO O O Logio  j  Pf d f R a d io -o p tic a lnumber s p e c t r a l
PKS index
1237-10 1 .3 8 1 .9 7 0 .707
1240-20 5 .6 9 2 .0 8
1252+11 1 .0 7 1 .1 4 2 6 .89 26 .93 36 .94
1421-49 12 .0 0 9 .1 4
1446+00 3 .4 9 1 .9 5 26.62 26 .37 36.12
1452+16 2 .0 2 2 .2 0 24 .69 24 .78 34.27
1508-05 7 .12 4 .3 5
1549-79 1 2 .9 7 7 .9 9
1607+26 3 .2 3 4 .8 4
1730-13 6 .2 6 5.65
1932-46 3 8 .60 1 6 .9 3
2012+23 45 .85 19 .32
2048-14 4 .25 2 .2 7 26.83 26 .56 36 .35
2103+12 3 .02 1 .8 l 26 .59 26 .37 36.15
2111-25 5 .10 2 .7 8 0 .588
2121+24 33 .77 1 6 .1 8 26 .82 26 .50 36.24
2126+07 6 .0 0 2 .7 0
2128-12 1 .3 8 1 .6 9 26 .60 26 .68 36 .77 0 .594
2128+04 3 .4 0 4 .5 0
2145+06 3 .2 6 2 .8 7 0 .709
2145+15 7 .9 1 3 .9 0
2154-18 8 .25 3 .3 4
2159+04 3 . 5 4 1 .9 6 26 .74 2 6 .49 36.22
2204-54 2 .2 2 2 .3 9 25 .66 25 .69 35.75
2216-28 6 .6 9 2 .9 0
2216-03 2 .2 2 1 .2 3 27 .51 27 .17 37 .24 0.591
2300-18 2 .1 6 25 .84 36.15
2328+10 1 .4 8 1 .0 3
2331-41 1 5 .0 8 6 .9 0
2344409 2 .7 4 2 .0 4 27 .1 9 2 7 . l l 36 .95 0 .579
2345-16 1 .8 9 1 .4 6 27 .22 26 .79 37.10 O.789
2349-01 3 .25 1 .8 8 26 .25 26 .00 36.01
2354-11 4 .0 1  2 .2 7 0 .777
TABLE 5-4
(a) QSOs
Catalogue Overall Scintillation Percentage linear Angular
number angular data polarization separation of
PKS dimensions radio and optical
positions
("arc) 1410MHz 2650MHz ("arc)
0003-00 < 5 Sc 0.5 0.5 10.20017+15 < 8 Sc 7.0 12.0 3.2
0021-29 < 15 N Sc 1.6 4.0 6.3
0056-00 < 24 4.1 4.7 6.7
0155-10 < 24 14.8
0157-31 18 Sc 2.6 3.9 13.0
OI59-II < 5.4 N Sc 2.9 2.0 24.5
0202-76 < 24
0229+13 67.8 N Sc 5.0
0340+04 15 N Sc 2.7 6.7 3.2
0349-14 < 30 N Sc 1.2 1.5 15-3
0350-07 < 15 Sc 8.5 8.1 16.4
0403-13 < .05 Sc 1.8 2.4 13.6
0405-12 30 N Sc 0.8 1.2 14.3
0408-65 < 18 Sc 0.2 0.4 -
0518+16 < 0.2 Sc 6.8 8.5 1.0
0725+14 5.15 Sc 10.8
0758+14 2.56 Sc 1.0 3.1
0802+10 < 1.50 Sc 12.0
0812+02 < 18 Sc 6.4
0825-20 < 15 N Sc 4.5 4.2 10.6
0837-12 150 22.0
0838+13 5.30 N Sc 1.8 3.4 18.7
0850+14 < l8 Sc 0.9 0.5 11.4
0859-14 < 24 N Sc 2.7 2.9 23.0
1040+12 < 15 Sc 4.7 10.3 1.4
1048-09 67.8 Sc 12.2
1055+01 < 0.03 Sc 4.6 3.8 10.2
1116+12 < 0.1 Sc 1.1 2.6 11.4
1127-14 < 0.015 Sc 2.0 1.9 9.1
1136-13 25.2 Sc 3.5 2.5 12.0
1226+02 23 Sc 2.1 2.6 9.1
1229-02 < 24 Sc 1.6 1.0 l8.4
1232-24 34 6.3 4.5
1241+16 3.03 Sc 2.3 3.0 10.3
Table 5° 4 , co n tin u ed
( a )  QgOs, c o n tin u ed
C atalogue O v e ra il S c i n t i l l a t i o n
number a n g u la r d a ta
PKS dim ensions
( " a r c )
1253-05 30 Sc
I 318+ II < 15 Sc
1327-21 < 15 N Sc
1335-06 < 15 N Sc
1354+19 < 15 N Sc
l4 l6+ 06 1 .55 Sc
1420-27 2 6 .2 Sc
1422-29 < 15 Sc
1453-10 37 Sc
1510-08 < 0 .015 Sc
1524-13 < 24 Sc
1618+17 4 3 .8 N Sc
2115-30 < 15 Sc
2135-14 1 0 0 .2 N Sc
2209+08 < 15 Sc
2223-05 15 .5 Sc
2230+ H < 0 .0 5 Sc
2249+18 < 0 .2 Sc
2251+15 < 0 .1 Sc
P ercen tag e  l i n e a r  A ngu lar
p o la r i z a t io n  s e p a r a t io n  o f
ra d io  and o p t i c a l  
p o s i t io n s
l4lOMHz 265OMHZ ( "a rc
3 .6 3 .2 1 4 .8
4 .6 5 .4 2 4 .4
3 .3
1 .0 3 .5 5 .7
8 .0 8 .5 1 7 .0
0 .4 1 .6 3 8 .1
3 .1 2 .3 1 7 .3
7 .0 2 3 .9
1 .3 1 .2 1 0 .8
3 .5 5-6 3 .6
1 .8
5 .6 1,7 .0
4 .1 4 .8 6 .4
7 .5 6 .5 7 .0
5 .1 5 .8
5 .1 6 .5 8 .6
5.2 5-3 7 .8
2 .0 6 .2
T able 5 «4, c o n tin u e d
( b ) Radio G a lax ie s
C ata logue O v e ra ll S c i n t i l l a t i o n P ercen tag e  l i n e a r A ngular
number a n g u la r d a ta p o la r i z a t io n s e p a ra t io n  o f
PKS dim ensions ra d io  and o p t i c a l
p o s i t io n s
( " a r c ) 1410MHz 2650MHz ( " a r c )
0000 -17 2 .1 9 .2
0002+12 240 8 .2
0007+12 4 7 .4 6 .6
0034-01 8 .6 N Sc 4 .4 6 .0 1 5 .0
0035-02 12 .3 N Sc 0 .5 1 .3 9 .4
0043-42 108 N Sc 1 0 .4 1 0 .1
0045-25 420 N Sc 0 .3 0 .3
0051-03 < 15 1 .4 2 .2
0055-01 150 9 .4 1 0 .8 1 7 .1
0106+13 228 N Sc 8 .2 7 .5 3 2 .9
0114-21 < 15 Sc 0 .7 0 .5
0123-01
0124+08
342 N Sc 1 .5 0 .7
5 2 .2
0131-36 480 N Sc 1 0 .0 1 9 .0
1 0 .80213-132 - 1 2 0 N Sc 5 .3 7 .2
0218-02 < 15 Sc 2 .0 7 .2 1 2 .4
0219+08 138 N Sc 5 .2 5-5 1 9 .1
0240-00 I I . 5I N Sc 0 .3 0 .3 7 .1
0255+05 168 N Sc 0 .2 2 .1
0300+16 45 N Sc 1 2 .7 1 4 .1 7 .0
0305+03 90 N Sc 2 .6 3 .0 3 .0
0307+16 60 N Sc 6 .9 7 -8 6 .4
0320-37 ex ten d ed 1 2 .3 1 4 .6
0320+05 < 15 Sc 0 .9 1 . 8
2 2 .40325+02 138 N Sc 4 .1 5 .2
0331-01 48 N Sc 0 .2 1 .5 2 8 .8
0336-35 210
0344-34 192 N Sc 5 .4 4 .0 1 8 .8
0346-27 < 24 2 6 .9
0349-27 252 N Sc 2 .5 0 .5 2 6 .9
0356+10 204 N Sc 6 .0 5 .9 3 .6
0427-53 228 0 .7 3 .0
0430+05 0 .1 Sc 3 .3 5 .1 4 .5
0511+00 90 N Sc 2 . 8 3 .8 3 2 .3
0511-30 390 7 .8 8 .5
Table 5 .4 , c o n tin u e d
(b ) Radio G a la x ie s , co n tin u e d
C atalogue O v e ra ll S c i n t i l l a t i o n P ercen tag e  l i n e a r A ngular
number a n g u la r d a ta p o la r i z a t io n s e p a ra t io n  o f
PKS dim ensions ra d io  and o p t i c a l
p o s i t io n s
( " a r c ) l4lOMHz 2650MHz ( " a r c )
0518-45 246 N Sc 3 .1 2 .9 44 .9
0521-36 ^ 20 N Sc 3 .0 4 .1 4 .1
0531+19 < 24 Sc 1 .2 1 .2 1 8 .4
0618 -37 75 1 1 .0 8 .7
0625-35 90 0 .5 3 .6
0642-43 66
0715-36 100
0718-34 80
0719 - H 60
0724-01 75 2 0 .2
0800-09 400 1 9 .0
0806-10 60 N Sc 1 .0 2 .3 1 3 .6
0812-02 < 15 25 .5
0818+17 Sc 4 .0
0819-30 250 N Sc 0 .4 2 .8 2 1 .3
0819406 130 3 0 .8
0843-33 240 N Sc 1 3 .9 1 9 .0
0855+14 18 Sc 0 .5 0 .3 1 6 .2
0915 - H 240 N Sc 1 .3 0 .1 4 .1
0941-08 < 24 1 .4 1 .3 1 2 .0
0945+07 130 N Sc 5 .5 5 .^ 2 8 .1
1116-46 30 5 .^ 4 .1
1123-35 102 N Sc 3 .1 3 .1
1142+19 120 0 .6 2 .3 2 8 .5
1159-10 < 24 8 .9
1214+03 l 80 2 .1
1216406 280 N Sc 8 .4 1 0 .4 1 .1
1221-42 < 15 2 .3
1222+13 36 N Sc 2 .4 5 .7 17 .5
1228+12
1233+16 310 4 .1
1246-41 < 30 N Sc 1 .3
1249+09 60 l 6 .0
1252-12 100 N Sc 5 .1 6 .1 2 8 .7
1302-49 500 0 .2 0 .1
Table 5*4, c o n tin u ed
(t>) Radio G a la x ie s , co n tin u ed
C atalogue O v e ra ll S c i n t i l l a t i o n P ercen tag e  l i n e a r
number a n g u la r d a ta p o la r i z a t io n
PKS dim ensions
( " a r c ) 1410MHz 2650MHz
1306-09 24 Sc 0 .7 0 .8
1308-22 < 15 Sc 1 .0 0 .5
1313+07 97 N Sc 6 .0
1322-42 430 N Sc 7 .5 1 6 .8
1330+02 130 N Sc 4 .2 2 .4
1334-29 430 N Sc 0 .6 1 .0
1334-17 < 30 Sc
1340+05 < 15 5 .4
1345+12 < 0 .2 Sc 0 .3 0 .6
1354+01 18 Sc 1 .7
I 358- I I 300 1 0 .0
1413-36 150 5 .0
l 4 l 4 + l l 150 N Sc 10 .2 l l . o
l4 l6 _ 4 9
1416-15
Sc 5 .6
1417-19 30
1420+19 30 N Sc 0 .2 2 .0
1425-01 < 15 Sc 0 .5 1 .9
1427+07 150 9 .6
1436-16 < 24 Sc
1504-167 < 24 N Sc 1 .0
1508+08 90 N Sc 2 .1 2 .2
1514-24 < 15 5 .7 4 .4
1514+00 180 8 .0 6 .1
1514+07 30 N Sc 1 .4 0 .6
1518+047 < 24 0 .5 0 .3
1523+03 < 15 Sc 3 .3
1559+02 210 N Sc 4 .7 5 .1
1602-63 420 N Sc 1 .4 9 .2
1603+00 < 15 4 .2 5 .1
1641+17 < 20 Sc 0 .8 3 .0
1648+05 120 N Sc 1 .0 5 .3
1655-77 48
1717-00 222 N Sc 2 .9 6 .6
1739+17 120
A ngular 
s e p a ra t io n  o f  
ra d io  and o p t i c a l  
p o s i t io n s  
( " a r c )
31.6
2 1 .0
37*2
1 3 .0
2 9 .8
1 7 .7
9 . 2
15 .5
^3.1
38 .1
6 9 .5
2 1 .6
20.0
30 .1
80 .3
8 .5
14 .1
56.6
18 .1  
4 .1
2 3 .7
17 .0
2 4 .3
8.6
1 2 . 0
34.2
T able 5 .4 , continued .
(b )  Radio G a la x ie s , c o n tin u e d
C atalogue O v e ra ll S c i n t i l l a t i o n P e rcen tag e  l i n e a r
number a n g u la r d a ta p o la r i z a t io n
PKS dim ensions
( " a r c ) 1410MHz 2650MHz
1934-63 < l 8 0 .3 0 .2
I 9494O2 90 N Sc 4 .0 5 .4
195^-55 200 N Sc 1 .0 7 .7
2014-55 600
2030-23 48 N Sc 6 .7 6 . 8
2040-26 180 N Sc 4 .3 5 .3
2045+06 < 15 3 .8 2 . 9
2048-57 < 30 5 .3
2053-20 40 1 .3 1 .0
2058 -28 168 N Sc 1 .7
2104-25 360 N Sc 1 .4 2 .0
2152-69
2211-17 72 N Sc 1 .3 1 .1
2212+13 240 N Sc 4 .1 5 .5
2247+11 260 N Sc 4 .6 6 .3
2248+06
2252+12
2308+07
< 15 Sc 1 .6 3 .0
2309-HD9 < 15 Sc 1 .6 2 .1
2313-18 < 24
2314+03 6 .5 Sc 2 .9 4 .0
2317-27 174 N Sc 1 2 .6 1 1 .7
2324-02 72 N Sc 5 .2 3 .8
2356-61 700 N Sc M 4 .5
A ngular 
s e p a ra t io n  o f  
ra d io  and o p t i c a l  
p o s i t io n s  
( " a r c )
1 0 .4
8 .5
10 .8
5-8
90 .4
65-3
54 .0
1 6 .4
5 .7
T able 5*4, co n tin u e d
( c ) B lank F ie ld  O b jec ts
C ata logue O v e ra ll S c i n t i l l a t i o n
number a n g u la r d a ta
FKS dim ensions
( " a r c )
0033+18 18 N Sc
0128+03 l 80
0132+07 < 15
0138+13 < 15 Sc
0202+14 < 0 .0 5 Sc
0235-19 30 N Sc
0316+16 < 0 .012 Sc
0357-16 1 9 .8
0404+03 300 N Sc
0411+05
0519-20 < l 8 Sc
0624-05 < 1 .5 Sc
0850-20 < 15
0941+10 6 .8 9
1008+06 < 1 .6 3 Sc
1059-01 7 .12 Sc
1138+01 7 .3 N Sc
1216-10 132 N Sc
1239-04 7 .9 Sc
1245-19
1317+17 < 24
1344-07 < 15
1434+03 < 60
1602-09 216 N Sc
1602+01 7 .9 4
1922-62 90 N Sc
1938-15 2 .5 Sc
2210+31 < 15
2247+14 < 15 N Sc
2318-16 < 24 Sc
P e rcen tag e  l i n e a r  A ngular
p o la r i z a t io n  s e p a ra t io n  o f
ra d io  and o p t i c a l  
p o s i t io n s
l4lOMHz 2650MHz ( " a r c )
1 .9
0 . 2
0 .4
4 .2  7 -9
0 .3  1 .8
4 .3  3 .8
6 .0  1 0 .1
5 .4
1 . 2  2 . 0
5 .6  8 .5  
1 .7
6 .6  6 .4
0 .4  1 .5
5 .6
0 .9
9 .4  9 .7  
0 .7
8 .2  8 .4
6 . 2
1 . 1  0 . 6
5 .4  2 .2
2329-16
Table 5,b , continued
(d) Additional Objects
Catalogue Overall Scintillation
number angular data
FKS dimensions
0008-42
("arc) 
< 15 N Sc
0023-26 < 15 Sc
0030+19 < 15
0039-44 < 15 N Sc
0106+01 Sc
0122-00 < 24
0124+18
0125-14 < 15 N Sc
0133+20 61.8 N Sc
0202-17 < 24
0222-23
0237-23 < 24
0332-39 192
0333+12 < 15 Sc
0336-01 < 15
0410-75 18 Sc
0417+15
0428+20 < 18
0438-43 < 15
0440-00 < 15
0442-28 90
0445-22 < 15
0451-28 < 15
0458-02
0530+22 N Sc
0614-34 < 24 N Sc
0637-75 < 18 N Sc
0735+17 < 15 Sc
0736^1 < 150834-19 N Sc
0834-20 < 0.05 Sc
0855-19 36 Sc
1005+07 < 0.2 Sc
1148-00 < 0.025 Sc
1151-34 < 15 Sc
Percentage linear Angular
polarization separation of
radio and optical 
positions
1410MHz 2650MHz ( "arc
0.2 0.6
1.8 0.5
0.7
0.9 4.3
8.0 ^.7
13.5
52.2
1.4 3.6
2.5 2.1 8.1
13.0
1.8 3.4 9.0
27.6
2.0 2.0 11.4
0.1 0.1
1.0 0.7
0.2 0.8 12.3
3.1 1.0
8.0
1.5
1.6 3.8
2.1 1.1
3.6 2.6
3.2 2.9
5.2 5.5 9-5
1.5 1.8
1.2 0.8
0.2 0.5
2.1 3.6 4.2
2.4 1.6
Table 5 »4, co n tin u e d
(d) Additional Objects, continued
Catalogue Overall Scintillation Percentage linear Angular
numbe r angular data polarization separation of
PKS dimensions radio and optical
positions
("arc) 1410MHz 2650MHz ("arc)
1201-041 22 6 .9 1 1 .7
1237-10 0 .02 Sc 3 .6 5 .7 1 7 .0
1240-20 < 24
I2 5 2 + II 1 .5 N Sc 9-5
1421-49 30
1446+00 < 15
1452+16
1508-05 < 0 .0 5 Sc 2 .7 2 .8
1549-79 ^ 24 0 .5 1 .1
1607+26 < 15 N Sc 0 .5 0 .5
1730-13 < 0 .015 Sc 3 .2 3 .9
1932-46 40 Sc 0 .7 1 .1
2012+23 20 N Sc 0 .6 0 .3
2048-14 < 24 1 6 .6
2103+12
2111-25 < 15 3 .1 1 .4 1 7 .0
2121+24 36 .2 N Sc 5 .2 6 .0
2126+07 34 .2 N Sc 1 .5
2128-12 < l8 2 .3 19 .2
2128+04 < 15 Sc 0 .7
2145+06 < 15 Sc 0 .4 7 .1
2145+15 3 .0 9 N Sc 7 .0 3 .6
2154-18 60 N Sc 6 .8 5 .9
2159+04 18 1 9 .0
2204-54 < 24 0 .6
2216-28 < 18 Sc 1 .5
2216-03 6 .7
2300-18 72
2328+10 < 24 3 .2
2331-41 103 N Sc 0 .7 1 .3
2344+09 < 15 Sc 8 .1
2345-16 < 24 1 9 .0
2349-01 9 .5
2354-11 < 28 0 .9 1 .2 14 .2
CHAPTER 6
TIME VARIATIONS OF RADIO SPECTRA
The aim of this chapter is to investigate the applicability 
of the expanding source model; discussed below.
6.1 Theory
Following the prediction of Shklovskii (i960); time 
variations of flux density were discovered in the young galactic 
supernova remnant; Cassiopeia A, by Hdgbom and Shakeshaft (1961). The 
1.06$ annual decrease in flux density was subsequently confirmed by 
others at frequencies between 81.5 and 9^ -00 MHz.
Shklovskii's model, with some modifications, has been 
successfully applied to variations since discovered in extragalactic 
radio sources. This model considers the adiabatic expansion of a 
uniform sphere containing a power law energy spectrum of relativistic 
electrons. It assumes conservation of magnetic flux. As the sphere 
expands, both the electron energy and the magnetic field, B, decrease, 
so for frequencies where the optical depth is small, the flux density 
decreases according to
1 dS 27 d£s dt " " e dt
S and 0 are the observed flux density and angular diameter, and 7 is 
the exponent in the electron energy distribution.
The spectrum has a maximum flux density at a frequency 
f , where the optical depth is approximately unity. For frequencies 
<f , the relativistic gas becomes opaque to its own radiation 
(synchrotron self-absorption - see, for example, Slish (1963) and 
Williams (1963)). This theory has been applied to time variations
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by, for example, Kellemann and Pauliny-Toth (1968) and van der Laan 
(1966). In the optically thick case, the flux density increases in 
proportion to the surface area and (magnetic field)"^ -
1 dS 3 d£
S dT e dt (6.2)
Figure 6.1, adapted from van der Laan (1966), illustrates 
the evolution of the spectrum as the sphere (radius r) expands,
Uniform expansion (r « t) will be assumed in the following 
unless stated otherwise.
The dependence of f and S , and their time variations withm m
radius take the forms -
,-(4y + 6 )/(7 + 4}f o c r  m
S a r m -(77 + 3.)/(7 +
dfm 4y + 6 1 drdt 7 + 4 r dt
^  = 77 + 3 1 dr
dt 7 + 4 r dt
(6.3)
(6.hi
(6.5)
(6.6)
The quantities t, S and r are referred to the frame of the source.
Corrected for Doppler shifts due to the measured redshift, z, the
observed flux density and frequency become
S (l + z) and f ( l + z )  (6.7)nr m J
In a Friedmann Universe with qQ = +1, r = 0, in the observer’s frame 
the above times become t(l + z), and the angular size 0(l + z)2 
(Bandage, .1961).
The case of a source expanding with relativistic velocity, v
10J 10* V
Frequency (MHz)
F ig u re  6 .1 .
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has been studied by Rees (1966, 1967) and Rees and Simon (1968), The 
apparent increase in angular size is in this case given by
H  = 2ßv{r} where ß = { 1 -f2} (6-8>
The angular size, from the theory of Slish and Williams
becomes
0ß4 ~ (7) B4 f " 4 (6.9)0 ' m m
where g(l-5) = 4.9 . 107, g(2.5) = 3-5 . 107.
9 is in seconds of arc, S in flux units, f in MHz and B,' m 7 m
the magnetic field in a frame expanding with the source, is measured 
in gauss.
If a value of B is assumed, the expansion velocity may be
found from equations 6,2 and 6.8 -
ps 5 1 - S2 c dSdt
-1
(6.10)
where the linear dimensions, l, of the variable source, in a frame
expanding with the source are given by
parsec (6.11)
c = 3 . 10 km sec" 75*3 • 10”6 km sec 1 pc 1.
9 may then be found from equation 6.9*
Also relative to this frame, a time scale for the expansion
is ^/2v.
6.2 Previous Observations of Time Variations
Observations in the northern hemisphere up to December 1967 
have been reviewed by Kellermann and Pauliny-Toth (1968). They have
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a p p l ie d  th e  th e o ry  to  d e te rm in e  ages o f  th e  o rd e r  o f  a few y e a rs  ( f o r  
exam ple, from  e q u a tio n  6 . 2 ) f o r  th e  s ix  so u rces  whose f lu x  d e n s i t i e s  have 
been  w e ll  o b serv ed  a s  a fu n c t io n  o f  tim e and freq u en cy . These a u th o rs  
( P a u lin y -T o th  and K ellerm ann, 196 8 ) have c l e a r ly  d em o n stra ted  th e  good 
f i t  o f  th e  expanding  source  model to  tim e v a r i a t io n s  o b se rv ed  in  th e  
S e y fe r t  g a lax y  3C120 (PKS 0430+05)* Andrew, Locke and Medd ( 1968 ) r e p o r t  
t h a t  o b s e rv a tio n s  a t  2 .8  cm (Medd e t  a l . ,  1968 ) and 4 .6  cm w aveleng ths 
a re  g e n e r a l ly  c o n s is te n t  w ith  th e  th e o ry , a lth o u g h  th e  s im ple model does 
n o t ap p e a r to  e x p la in  th e  v a r i a t io n s  o f  PKS 1510-08, 0736+01 and NRA0 512. 
6 .3  Time V a r ia t io n  and O p tic a l  I d e n t i f i c a t i o n
The p re v io u s ly  d e te c te d  tim e v a r i a t io n s  o ccu r p red o m in an tly  in  
QSOs. Only two g a la x ie s ,  b o th  o f  th e  Seyfert ty p e , were found to  v a ry .
Most o f  th e  ra d io  so u rces  f o r  w hich f lu x  d e n s i t i e s  were 
p re s e n te d  in  Table 3*1 were o b serv ed  a t  l e a s t  tw ic e  a t  2650 a n d /o r  
5000 MHz. As th e  most a c c u ra te  f lu x  d e n s i t i e s  a re  a v a i la b le  a t  th e se  
f re q u e n c ie s ,  and a ls o  as  p a s t  o b s e rv a tio n  and th e o ry  show t h a t  tim e 
v a r i a t i o n s  a re  more p ro b ab le  a t  th e  h ig h e r  f re q u e n c ie s ,  th e  fo llo w in g  
s t a t i s t i c s  w i l l  employ th e s e  d a ta .
A sou rce  i s  co u n ted  as  " d e f in i t e ly  v a r ia b le "  o n ly  i f  s i g n i f i c a n t  
d i f f e r e n c e s  in  f lu x  d e n s i ty  a re  observ ed  betw een s e v e ra l  m easurem ents, 
g e n e r a l ly  a t  more th a n  one freq u en cy . The d e s ig n a t io n  " p o s s ib ly  v a r ia b le "  
a p p l ie s  where on ly  a s in g le  m easurem ent i s  d is c r e p a n t  by more th a n  3 
s ta n d a rd  d e v ia t io n s ,  o r  where s e v e ra l  o b s e rv a tio n s  in d ic a te  a l e s s e r  
v a r i a t i o n .  In  a l l  c a se s  o f  su sp e c te d  v a r i a b i l i t y ,  th e  o r i g i n a l  re c o rd s  
and a n a ly se s  were rech eck ed .
T able 6 .1  g iv e s  f o r  each  i d e n t i f i c a t i o n  c l a s s ,  th e  number o f  
so u rc e s  o b se rv ed  a t  l e a s t  tw ic e  a t  2650 a n d /o r  5000 MHz, where th e  
i n t e r v a l  betw een o b s e rv a tio n s  was lo n g e r  th a n  2^ m onths. T h is  number
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is compared with the number of sources in which time variations were 
detected, either definitely or possibly. Most of the 'Others' could 
probably be included with the blank fields. The statistics for sources 
with steep spectra and those having flat or positively curved spectra 
at high frequencies, have been given separately.
These results show that variability was detected in about 60$> 
of 'flat' spectrum sources, regardless of identification. This figure is 
certainly a lower limit to the true number of variable sources as the 
observations were not ideally spaced in time; also as many of the 
variations are known to be small, others must fall within the errors of 
measurement. For all identifications, less than 2 of steep spectrum 
sources were found to vary. These findings are in essential agreement 
with those of Medd et al., (1968) at IO63O MHz, although they find 
definite variations in PKS 05l8+l6(3C138) and 3CI96, both having 
normal spectra at lower frequencies.
6.4 Time Variations of the Spectra of Individual Sources
Each variable radio source spectrum has been analysed 
individually in the light of the foregoing theory. In this section the 
variation of flux density with epoch for different frequencies is presented 
graphically (the numerical data are presented in Appendix B). These 
graphs have then been used to determine complete spectra at different 
epochs, which have been analysed, where the data are sufficient, into 
separate components. In many cases a linear extrapolation of the low 
frequency spectrum was assumed. The parameters derived for the optically 
thick components are insensitive to errors, introduced by this procedure, 
except where the low frequency spectrum indicates further structure.
In these few cases,which are noted in the following discussions, the 
theoretical -2.5 slope has been fitted in the optically thick region.
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Two relatively simple examples will be given first; followed 
by a discussion of sources; in R.A. order; where the interpretation of 
their time variations may be compared with the results of 
intercontinental baseline interferometry. These results provide 
independent confirmation of the adequate fit of the theory; and also 
justify the orders of magnitude of the magnetic fields used in the 
calculations of the next section, However; it should be borne in 
mind that the observations suffer from lack of time resolution; so 
that in some cases the model fitted is over simplified,
PKS 0440-00 (NRAO 190)
This source is identified with a QS0, and has an angular 
diameter < "05 at 2700 MHz (Palmer et al., 1967). If an expanding 
synchrotron self-absorption model is accepted; the spectrum (Figure 
6.2b; compare with theory; Figure 6.1) is seen to be dominated by the 
variable component, with OL = .25 in the optically thin region,
implying an electron energy distribution N(e ) = KE with 7 = +1,5*
In the optically thick region the spectral index which is > -2.5 
suggests the presence of a low frequency component. The very high 
85.5 MHz flux density is probably the result of confusion by PKS 
0^ -59+01. Assuming for the present, that 0 « r « (t - tQ ) where tQ is 
the time of origin of the event giving rise to the variable component, 
equations 6.1 and 6.2 lead independently to t ~ 19^9» The 
variable component may be described by the following parameters at
successive times
TABLE 6.1
Identification
Class
Type of 
spectrum
Number having 
^ 2 well-spaced 
Observations at 
2650 and/or 5000MHz
Number found 
definitely
to vary 
possibly
QSOs steep 27 0 0
flat 35 16 7
Galaxies steep 62 0 1
flat 7 k 1
Blank fields steep 13 0 1
flat 7 0 1
Others steep 12 0 1
flat 9 4 1
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t
(y e a r )
t - t
(y e a r )
S. m N
( f . u . ) (MHz)
1966 .0 1 7 .0 4 .65 2950
1966.5 1 7 .5 4 .52 2600
I 967 .O l 8 .0 4 .2 7 2440
1967.75 18 .75 4 .02 2060
F ig u re  6 .2 c  shows f  and S a s  a fu n c tio n  o f  ( t - t  ). These r e l a t io n sm m  o
f u r th e r  su p p o rt th e  t h e o r e t i c a l  a ssu m p tio n s, s in c e  from e q u a tio n s  6 .5  
and 6 .6 ,  t  = 1957 ±10 and 1939 ±10, which a re  in  agreem ent w ith  19^9♦ 
0336-01 (CTA 26)
T h is  so u rce  i s  a QßO w ith  a r e d s h i f t  z = O.852  and an 
a n g u la r  d ia m e te r  < 15" (B ash, 1968 ). The spectrum  and i t s  tim e 
v a r i a t io n s  (F ig u re  6 .3 h )  may he most sim ply  in t e r p r e te d  as  two tim e - 
v a ry in g  com ponents. Component A i s  o p t i c a l l y  th i n  a t  th e  low est 
f r e q u e n c ie s ,  w ith  f  ^  < 100 MHz. A tt r ib u t in g  th e  d e c re a se  in  f lu x  
d e n s i ty  a t  635 and 960 MHz to  t h i s  component, one d e r iv e s  t Q = 1944 ±5 
w ith  7 = 1 .7 4 . S u b tra c t io n  o f  component A from  th e  o b serv ed  s p e c tr a  
le a d s  to  a spectrum  f o r  component B hav ing  CC = - 2 . 5  a t  f re q u e n c ie s  f o r  
w hich i t  i s  o p t i c a l l y  th i c k .  From th e  in c re a s e  in  f lu x  d e n s i ty  and 
th e  spectrum  d e r iv e d  in  1968 . 0 ,^ th e  spectrum  o f  t h i s  component in  
I 967 .O was p r e d ic te d  (cu rv e  67B) and i s  seen  to  be in  e x c e l le n t  
agreem ent w ith  o b s e rv a t io n .  For component B, t  ~ 1964.5*
3C84
T his r a d io  so u rce  has been  i d e n t i f i e d  w ith  th e  S e y fe r t  
g a lax y , NGC 1275; w ith  z = .3675* I t  i s  n o t v i s i b l e  from P ark es , so 
th e  s p e c tr a  g iv e n  by K ellerm ann and P au lin y -T o th  (1968 ) have been
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u sed , b u t a n a ly se d  in d e p e n d e n tly . F igure  6 .4  g iv e s  th e  s p e c tr a  o f  
1 964 .0 , I 966 .O and I 968 .O. Component A, w hich does no t v a ry  w ith  
tim e , i s  an e x t r a p o la t io n  o f  th e  low er freq u en cy  spectrum . Component 
B, w hich i s  o p t i c a l l y  th i n  above ~ 1000 MHz p ro b ab ly  o r ig in a te d  n e a r  
1836 . Component C i s  n o t c l e a r ly  d e f in e d  as  th e  f lu x  d e n s i ty  
c o n tin u e s  to  r i s e  a t  15300 MHz in s te a d  o f  showing th e  ex p ec ted  s l i g h t  
d e c re a se . T his c o u ld  be in t e r p r e te d  a s  th e  r e s u l t  o f  f u r th e r
a c t i v i t y .  From th e  in c re a s in g  f lu x  d e n s i ty  in  th e  o p t i c a l l y  th ic k
re g io n  o f  component C a s  shown in  th e  f ig u r e ,  t Q ~ 1956.
Component A may be i d e n t i f i e d  w ith  th e  5 ' h a lo  found by 
Ryle and Windram (1 9 6 8 ), and com ponents B and C may be i d e n t i f i e d  
w ith  th o se  m easured by K ellerm ann, C la rke  e t  a l .  ( 1968 ) to  have 
a n g u la r  d ia m e te rs  o f  0'.'03 ±"01 and 0"0012 ±'.'0002. The m agnetic  
f i e l d s  (from  e q u a tio n  6 . 9 ) a re  th e n  1 .1  . 10-1  and 9 . 10_1 gauss 
r e s p e c t iv e ly  in  1968 . 1 .
PKS 0430+05 (3C120, S e y fe r t  g a la x y )
Com parison o f  th e  v a r i a t io n s  o f  f lu x  d e n s i ty  (F ig u re  6 . 5a )  
i l l u s t r a t e s  s t r i k i n g l y  th e  tim e d e la y  betw een th e  same e v en t a t  
d i f f e r e n t  f r e q u e n c ie s .  F ig u re  6 . 5b g iv e s  th e  sum o f  th e  s p e c tr a  o f  
th e  tim e v a ry in g  com ponents o b ta in e d  by s u b tr a c t in g  th e  spectrum  o f  
c o n s ta n t component A, assumed to  be an e x t r a p o la t io n  o f  th e  low 
freq u en cy  spectrum . F ig u re  6 . 5c f o r  each  epoch , shows how th e  
s p e c tr a  may be decomposed in to  com ponents C, D, E and F. B i s  no t 
w e ll d e te rm in e d  and may n o t even e x i s t .  Component F may no t be 
d i s t i n c t ,  b u t r a th e r  an in d ic a t io n  o f  c o n tin u e d  o u tb u r s ts  a t  h ig h e r  
f r e q u e n c ie s .  F ig u re  6 .5 d  shows th e  v a r i a t i o n  w ith  tim e , f o r
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Figure 6.4. Above: The total spectrum of 3CÖ4 in I968.O. Belov: Spectra 
in 1964.0, 1966.0, I968.O without component A (shown separately). The
dashed spectra are of the variable components, B and C.
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com ponents C, D and E s e p a r a te ly .  For C, D, E t Q ~ 1965 . 2 , 1964 .9  
and 1967 . ^ .  I f  E i s  i d e n t i f i e d  w ith  th e  < 0'.'0008 component o f  
K e lle m a n n , C la rk  e t  a l . ,  (1968 ) th e n  B ^ 2 .4  . 10 3 gauss in  I 968 . I .  
PKS 1127-14 (QgO)
The spectrum  may he a n a ly se d  in to  components A and B (F ig u re  
6 . 6b ) .  I f  th e s e  a re  i d e n t i f i e d  w ith  th e  components o f  a n g u la r  s iz e  
0"007 ± .003 and < 0"003 from v e ry  lo n g  b a s e l in e  in te r f e ro m e try ,  th e n  
B = 2 .5  . 10 4 and < 10“4 gauss r e s p e c t iv e ly .
PKS 1226+02 (3C273, QSO)
Because o f  th e  com p lex ity  o f  t h i s  so u rc e , th e  a n g u la r  s iz e  
m easurem ents o f  in t e r c o n t i n e n ta l  b a s e l in e  in te r f e ro m e try  have been 
u sed  to  a n a ly se  th e  spectrum  (F ig u re  6 .7 a , b ) .  The m agnetic  f i e l d s  
f o r  com ponents B, C, D a re  e s tim a te d  ro u g h ly  as 10“3 , 8 . 10” 4 and 
^ 4 . 10”3 g a u ss .
PKS 1233-05 (3C279* QSO)
F ig u re  6 . 8b shows how th e  spectrum  may be sim ply  a n a ly se d  
in to  com ponents B, C and D. C o n stan t component A has a l re a d y  been  
s u b tr a c te d .  B and C dom inate th e  spectrum  in  1965*5 and I 966 .O.
D dom inates a t  th e  h ig h e s t  f re q u e n c ie s  in  I 967 .O and I 968 .O. For 
th e s e  com ponents t Q ~ 1962 . 3* 1962 . 7* 1964 .7  and B ~ 10u , 1 .6  . 10”3 , 
< 6 . 10“2 g a u ss , co rre sp o n d in g  to  m easured a n g u la r  d ia m e te rs  o f  "02 
± .0 1 , '.'002 and ^ I'OOl.
30345 (QSO)
T his so u rce  i s  to o  f a r  n o r th  to  o b serv e  from P ark es , so th e  
r e s u l t s  p u b lish e d  by K ellerm ann and P a u lin y -T o th  (196 8 ) have been  
u sed  to  a n a ly se  th e  spectrum  in to  com ponents A, B and C (a s  a l s o
d
en
si
ty
1127-14
103 F requency  (MHz) 104
"i r 1 1
10650 MHz
% . •*
— —
5000 MHz
2650 MHz
I 965.O 66.0
F ig u re  6 . 6a
67.O 6 8 .0  Epoch
F ig u re  6 . 6b
Fl
ux
 d
en
si
ty
1226+02 (30 273)
45
40
5000 MHz
35 L-
5^ r
4o -
2650 MHz
^5
4o
50
45
55
. \ .
50
1410 MHz
960 MHz
635 MHz
U
V
I963 .O  6 4 .0  6 5 .0  6 6 .0  67.O 6 8 .0  Epoch
F ig u re  6 .7a-. For v a r i a t io n s  a t  some o th e r  f re q u e n c ie s  
see  K ellerm ann and P a u lin y -T o th  (1 9 6 6 ).
1226+02 (3C 2 7 3 )
T - —
-  -  - O
1 0 4 F req u en cy  (MHz)
The d a sh e d  l i n e  i s  th e  t o t a l  sp e c tru m , and  th e  s o l i d  l i n e s  a re  
com ponents a t  I 968 . I .  Open c i r c l e s  a r e  f l u x  d e n s i t i e s  i n  I 968 .O .
F req u en cy  (MHz)
F ig u re  6 . 7b»
Fl
ux
 d
en
si
ty
? ;
1255-05
40
20
0
1965.0 66.0 67.0 68.0 Epoch_2_i------ ^ — “ Y 1 =
8 GHz •
5000 MHz
650 MHz
l4l0 MHz
96O MHz
68.0 Epoch
Figure 6.8a. For other frequencies, refer to 
Kellermann and Pauliny-Toth (1966).
12
55
-0
5 
(5
C 
27
9)
F
ig
ur
e 
6.
8b
. 
(f
ir
st
 p
ar
t)
 
T
ot
al
 s
pe
ct
ru
m
 o
f 
12
55
-0
5 
n 
I9
67
.O
.
1253-05 (3C 279)
1968.0
3.10*
Frequency (MHz)
Figure 6.%b. (continued)
56
obta ined , by th e  above a u th o rs )  f o r  1966 .0  and 1968 .0  (F ig u re  6 . 9 )« For 
f u r th e r  d is c u s s io n  o f  t h i s  so u rc e , r e f e r  to  K ellerm ann and P a u lin y -T o th  
(1968). A i s  assum ed c o n s ta n t ,  B and C have t  ~ 1962.0  and 1963*3* 
C orrespond ing  to  a n g u la r  s iz e s  o f  "010 ± .005 and < "001, B ~ 1 .6  . 101 
and < 2 .5  . 10” 1 g a u ss .
PKS 2251+15 (3C 454.3 , QSO)
The f lu x  d e n s i ty  v a r i a t io n s  w ith  epoch shown in  F igu re  6 .1 0 a
in d ic a te  a  r a p id  su c c e s s io n  o f  p u ls e s ,  p ro b ab ly  im p ly ing  la rg e  s c a le
v e l o c i t i e s  ^ 0 .9 c .  T his i n t e r p r e t a t i o n  i s  bo rne o u t by th e  s p e c tr a
(F ig u re  6 .1 0 b , c )  where a t  l e a s t  th r e e  o u tb u r s ts  can be d is t in g u is h e d
a t  f  ~ f  ~ 104 MHz. I f  th e s e  a re  i d e n t i f i e d  w ith  component C o f  
m
K ellerm ann, C la rk  e t  a l . ,  th e  o b se rv ed  a n g u la r  s iz e  i s  ^ 0'.'0006, so 
B ^ 1 .2  . 10 2 g a u ss . Time v a r i a t io n s  o f  component B a re  swamped by 
th o se  o f  com ponents C, however th e  m easured s iz e  o f  0"007 ± .003 would 
c o rre sp o n d  to  B ~ 4 .5  . 10“3 g au ss .
B r ie f  comments fo llo w  f o r  th e  rem a in in g  so u rces  in  w hich 
d e f i n i t e  tim e v a r i a t i o n s  were found. Where s u f f i c i e n t  d a ta  a re  
a v a i la b le  f lu x  d e n s i ty  v . epoch g rap h s and s p e c tr a  a t  d i f f e r e n t  epochs 
a re  in c lu d e d . D ata f o r  b o th  d e f i n i t e  and u n c e r ta in  v a r ia b le s  a re  
g iv e n  in  A ppendix B.
PKS 0106+01 (QSO)
From th e  in c re a s e  in  2650 MHz f lu x  d e n s i ty  where component B 
i s  o p t i c a l l y  th i c k ,  and from th e  spectrum  o f  t h i s  component in  1968. 3  ^
th e  p r e d ic te d  IO63O MHz a re  in  v e ry  good agreem ent w ith  o b s e rv a tio n  
(F ig u re  6 .1 1 ) .
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2251+15 (3C 454.5)
Figure 6.10b. Total spectrum for 2251+15. Symbols are as below.Dashed curve represents constant component A.
I968.O
5.103 Frequency (MHz)lO
Figure 6.10c. Variable spectra at various epochs obtained by 
subtracting constant component A from the total 
spectra of Figure 6.10b.
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PKS 0405-12 (QSO)
I f  th e  v a r i a t i o n s  a re  r e a l ,  th e n  fo r  h ig h  freq u en cy  
component B, t Q ~ 195^ ±7 (F ig u re  6 .1 2 ) .
FKS 04-38-43 (no o p t i c a l  i d e n t i f i c a t i o n )
For v a r ia b le  component B, t Q ~ 1963 .7  (F ig u re  6 .1 3  )•
FKS 04^8-02 (no i d e n t i f i c a t i o n )
R efer to  A ppendix B f o r  d a ta .
PKS 0518+16 (3C138, QSO)
D e f in i te  v a r i a t i o n s  have been  found o n ly  a t  10630 MHz 
(Medd e t  a l . , 1 968 ). The spectrum  i s  s te e p  a t  low er f re q u e n c ie s ,  
and becomes even s te e p e r  a t  IO63O MHz in  1967 (F ig u re  6 . l 4 ) .
PKS 0521-36
C la s s i f i e d  as  N -type , t h i s  p e c u l ia r  g a lax y  has been 
d is c u s s e d  by W este rlu n d  and S tokes (1 9 6 6 ). Only a t  5000 MHz a re  th e  
v a r i a t io n s  d e f i n i t e .  A p ro b ab le  i n t e r p r e t a t i o n  o f  v a r ia b le  
component B i s  shown in  F ig u re  6 .1 5 b . Eggen (1 9 6 8 ) r e p o r ts  o p t i c a l  
v a r i a t io n s  in  t h i s  so u rc e .
PKS 062^-05 (3C161, a  b la n k  f i e l d  o b je c t )
A part from  v a r i a t i o n s  a t  5000 MHz (F ig u re  6 . l 6 ), th e  
spectrum  ap p ea rs  to  be o f  th e  k in d  ty p i c a l  o f  b la n k  f i e l d  o b je c ts  up 
to  f re q u e n c ie s  o f  10630 MHz.
PKS 0637-75 ( i d e n t i f i c a t i o n  unknown)
The sp ectrum  i s  p ro b ab ly  made up o f  more th a n  a s in g le  
v a r ia b le  com ponent. More d a ta  a re  needed (F ig u re  6 .1 7 )•
PKS 0735+17 ( i d e n t i f i c a t i o n  unknown)
The sp ectrum  may be a t t r i b u t e d  to  two v a r ia b le  components
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A and B (F ig u re  6 . l 8 ).
PKS 0736+01 (QSO)
The P arkes o b s e rv a tio n s  a t  2700 MHz b e a r  ou t th e  v e ry  sh a rp  
d e c l in e  o b serv ed  a t  6630 and IO63O MHz by Andrew e t  a l .  (1968 ) (F ig u re  
6 .1 9 a ) .  The spec trum  o f  1967 . 7 -^ (F ig u re  6 .1 9 b ) shows no d e te c ta b le  
h ig h  freq u en cy  com ponents. Flux d e n s i t i e s  a t  5000, 6630 and 10630 
MHz reac h ed  a maximum alm o st s im u lta n e o u s ly  in  1968 . 62 . At t h i s  tim e , 
Q! = - 1 .0  in d i c a t in g  p a r t i a l  a b s o rp tio n . The d isa p p e a ra n c e  o f  th e  
so u rce  a t  th e s e  f re q u e n c ie s  by I 969 .O co u ld  be e x p la in e d  by 
r e l a t i v i s t i c  ex p an sio n  o f  an  o p t i c a l l y  t h i n  re g io n . The so u rce  must 
have been  o p t i c a l l y  th i c k  a t  2700 MHz u n t i l  1968.9  when th e  f lu x  
d e n s i ty  r a p id ly  d e c re a se d  due to  th e  r e l a t i v i s t i c  ex p an sio n . Andrew 
e t  a l .  (1968 ) su g g e s t t h a t  we have o b serv ed  th e  b i r t h  o f  a v a r ia b le  
com ponent.
PKS 1033+01 (QSO)
The spectrum  i s  to o  complex (F ig u re  6 .2 0 )  to  make 
w orthw hile  a d e t a i l e d  a n a ly s i s .  However th r e e  com ponents may be 
d is t in g u is h e d  on th e  expanding  sy n c h ro tro n  sp h ere  m odel. A ll  must 
be o f  s im i la r  i n t e n s i t y  and ex pansion  v e lo c i ty .
PKS 1310-08 (QSO)
F ig u re  6 .2 1  shows th e  s p e c tr a  a t  s e v e ra l  epochs, a f t e r  
s u b tr a c t in g  ( c o n s ta n t )  component A (fo u n d  by e x t r a p o la t in g  th e  low 
freq u en cy  f lu x  d e n s i t i e s ) .  A part from  PKS 0736+01 and p erhaps PKS 
2251+15^ th e s e  v a r i a t i o n s  a re  th e  most r a p id  y e t  o b serv ed  (F ig u re  
6 .2 1 a ) .  The tim e r e s o lu t io n  o f  th e  P arkes o b s e rv a tio n s  i s  
i n s u f f i c i e n t  to  draw a com plete p ic tu r e .  On th e  expanding  sou rce
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model th e y  im ply t h a t  th e  p u ls e s  decay  v e ry  r a p id ly .  The d e t a i l e d  
m easurem ents o f  Medd e t  a l .  (1968 ) a t  4 .6  and 2 .8  cm w aveleng th  show 
t h i s  v e ry  c l e a r ly .  The e x p la n a tio n  su g g es ted  by th e s e  a u th o rs ,  t h a t  
we a re  o b se rv in g  an in c re a s e  in  f lu x  d e n s i ty  as r e l a t i v i s t i c  p a r t i c l e s  
a re  i n j e c t e d  in to  an o p t i c a l l y  th i n  re g io n , seems q u i te  re a so n a b le  i f  
th e  so u rce  i s  expanding  w ith  a v e lo c i ty  n e a r  t h a t  o f  l i g h t .
PKS 1750-15 (NRAO 530? u n id e n t i f i e d )
A f te r  s u b t r a c t in g  c o n s ta n t component A, two v a r ia b le  
com ponents B and C may be d is t in g u is h e d  (F ig u re  6 .2 2 ) .
PKS 1954-65 ( l8 ? 4  galaxy)
The low er freq u en cy  spectrum  has been  d is c u s s e d  by K ellerm ann 
(1966b ) .  No v a r i a t io n s  o f  th e  form su g g es ted  by S h k lo v sk ii (1 9 6 5 ) 
have been  found; however th e  5000 MHz f lu x  d e n s i ty  has p ro b ab ly  
changed (F ig u re  6 .2 3 ) .
PKS 2113-30 ( QSO)
An i n t e r p r e t a t i o n  in  te rm s o f  a c o n s ta n t component A, and 
v a r ia b le  component B, i s  c o n s is te n t  w ith  a l l  d a ta  (F ig u re  6 .2 4 ) .
PKS 2143+06 (QSO)
V a r ia t io n s  have been  a t t r i b u t e d  m ain ly  to  one com ponent, 
a lth o u g h  th e  spectrum  su g g e s ts  t h a t  t h i s  sou rce  i s  more complex 
(F ig u re  6 .2 5 ) .
PKS 2205-18 (QSO) - F ig u re  6 .2 6 .
PKS 2204-54 ( l7 m SO g a lax y  - W este rlund  and Sm ith, 1966 )
The spectrum  v a r i a t io n s  (F ig u re  6.27-) a re  n o t c o n s is te n t  
w ith  a  sim ple  s e l f - a b s o r p t io n  m odel. The p re s e n t  d a ta  co u ld  be 
e x p la in e d  by co n tin u e d  in j e c t i o n  o f  r e l a t i v i s t i c  p a r t i c l e s ,  c a u s in g
d
en
si
ty
I 96U.O________ 65.0_________66 .0_________ 6T.0_________ 6 8 .0  Epoch
i  r
___ 1 0 6 3 0  MHz
T
•
1 1
4*
1------1•
•*
•>
.^5
5 0 0 0  MHz $
4
}
4
3.5
5
2 6 5 0  MHz
♦ 0
b
IblO  MHz
9 6 0  MHz
7 5 0  MHz
6 8 . 0  E p o c h
de
ns
it
y
1730-13
Variable components in I 967.O
component B 'component A
Variable component A in  1967*0
Frequency (MHz)
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in c r e a s in g  f lu x  d e n s ity  in  th e  o p t i c a l l y  th i n  re g io n  a t  5000 MHz, 
how ever th e  tim e r e s o lu t io n  o f  th e s e  o b s e rv a tio n s  i s  in a d e q u a te .
PKS 2223-03 (3C446, QSO) - F ig u re  6 .2 8 .
FKS 223O+II ( CTA 102, QSO)
D e ta i le d  v a r ia t io n s  o b se rv ed  by Medd e t  a l .  (1 9 6 8 ) a t  10630 
MHz a re  r e f l e c t e d  in  o b s e rv a tio n s  a t  low er f r e q u e n c ie s ,  a t  l e a s t  fo r  
5000 and 2650 MHz. The main component o f  th e  spectrum  canno t be 
e a s i l y  e x t r a p o la te d  so th e  v a r ia b le  component i s  i l l - d e f i n e d  (F ig u re
6 . 2 9 ).
FKS 2345-16 (QSO)
Below 5000 MHz th e  v a r i a t io n s  a re  c o n s is te n t  w ith  an 
expanding  o p t i c a l l y  th ic k  so u rce , becom ing o p t i c a l l y  th i n  a t  2700 MHz 
a t  1967.5  (F ig u re  6 .3 0 ) .  The f lu x  d e n s i ty  a t  5000 MHz su g g e s ts  
c o n tin u e d  i n j e c t i o n  o f  r e l a t i v i s t i c  e l e c t r o n s ,  and th e  v e ry  r a p id  
d e c re a se , i f  r e a l ,  im p lie s  ex p an sio n  v e l o c i t i e s  ap p ro ach in g  c . These 
e v e n ts  may be compared w ith  th o se  in  0736+01 and 1510-08, a l s o  th e  
n o r th e rn  so u rce  NRA0 512 (Andrew e t  a l . ,  1968-).
PKS 2354-11 (QSO) - F igu re  6 .3 1 .
6 .5  P h y s ic a l C o n d itio n s  in  V a ria b le  Sources
For 24 o f  th e  v a r ia b le  com ponents d e s c r ib e d  in  s e c t io n  6 .4
S , f  and ^  f o r  f  < f  ( i . e .  3 / t  ) have been  e s tim a te d ,nr m S d t  m x ' o '
A f te r  c o r r e c t in g  th e s e  fo r  D oppler s h i f t  ( f o r  so u rc e s  where a r e d s h i f t
1
has been m easu red ), e q u a tio n  6 .9  has been  u sed  to  f in d  0ß 4 . 
C a lc u la t io n s  have assumed v a lu e s  f o r  th e  m agnetic  f i e l d ,  B o f  b o th  
10“ 4 and 10u g au ss . The f i r s t  v a lu e  i s  ap p ro x im a te ly  t h a t  in f e r r e d
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from minimum energy arguments for radio sources in general. Both
cover the range of values deduced from very long baseline interferometry
1
(see section 6.4). Note that 0 a B 4 and so is not critically 
dependent on B.
To proceed further a distance ~ (cz/h ) has been assumed, and 
equations 6.10, 6.8 and 6.11 used to find the expansion velocity (v/c),
0 and Ü, Ü /2v has been assumed to represent a time scale for the 
expansion.
The results of these calculations are given in Table 6.2 
together with the observational data from which they were derived.
The final column contains the angular sizes found from very long 
baseline interferometry (Clark et al., 1968; Kellermann, Clark et al., 
1968). These should be compared with 0(l + z)2. For QSOs not 
having measured redshifts, and for blank field objects, the 
calculations have been carried through for both z = 0.5 and 2.0.
Note that if B increases by four orders of magnitude, v and 
are increased by less than one order of magnitude. If v ~ c the 
dependence on B is further reduced.
One may conclude £rom the above results that for the 
observed variable components
(i) ages range from a few months to more than 100 years,
(ii) the linear dimensions vary between ~ 0.1 pc and 100 pc,
(iii) relativistic expansion velocities are general, even if the 
QSOs are more local than implied by a cosmological interpretation of 
their redshifts (since v « distance). If z « distance and B ~ 1 
gauss, energy requirements are reduced and possible inverse Compton
Key to Table 6.2
(1) Catalogue number, FKS
(2) Component
(3) 7
0 0 Time of observations
(5) Sm (f.u.)
(6) S /(l + z ) (f.u. )nr
(7) fm (MHz)
(8) f (Hz) (MHz)
(9) to (observer's frame)
(10) B (gauss)
(11) e ß 4 (" arc)
(12) v/c
(13) 0 (" arc)
(1<0 0(1 + z)2 (" arc )
(15) 1 (pc)
(1 6 ) >OJ1—1 (year)
(17) 0 (" arc)
( a )  QSOs
TABLE 6 .2
( 1 ) (2 ) (3 ) w (5 ) (6 ) (7 ) ( 8 ) (9 )
1 0106+01 A 2 .2 0
2 .1 0 7 B ( 1 .0 ) 1 9 6 8 .3 2 .3 5 0 .7 6 6000 18700 1 9 6 3 .1 1 .5
2 0336-01 A 1 .7 4 >5 < 100 1944 ±4
O .852 B ( 1 .5 ) 1 9 6 8 .0 1 .1 6 O.63 5000 9260 1 9 6 4 .5
3 0440 -00
( 2 .0 )
A 1 .5 1 9 6 7 .7 5 4 .0 2 1 .3 4 2060 1 .3 4 1950
( 0 .5 ) A 2 .6 8 2 .6 8
4 1055+01 A
- B -1 8 9 2
C -1 9 3 2
D -1 9 4 2
5 1 127 -14 A 6 .3 5 2 .9 0 1300 2840
1 .1 8 7
B ( 1 .5 ) 1 9 6 8 .0 5 .2 0 2 .3 8 7500 16400 1936
6 1226+02 A
0 .1 5 8 B 1 9 6 8 .0 - 1 9 - 6 -7 0 0
C 1 9 6 8 .0 - 1 6 .1 -2 5 0 0
7 1253-05 A 1 .5 < 30
0 .3 8 8 B 2 .0 1 9 6 8 .0 I .8 0 1 .1 7 700 1080 1 9 6 2 .3
C 2 .0 1 9 6 8 .0 7 .0 0 4 .5 5 2900 4460 1 9 6 2 .7
D 2 .0 1 9 6 8 .0 8 .5 0 5-53 9000 13800 1 9 6 4 .7
8 1 5 1 0 -0 8 A 1 .6
0 .3 6 1 B 1 9 6 6 .5 0 .8 l 0 .5 9 2000 2720 1 9 5 3 .7
C ( 1 .5 ) 1 9 6 8 .1 1 .3 2 0 .9 7 4100 5580 1 9 6 4 .8
TABLE 6 .2
(a) .  QffOs
(10) (11) (12) (13) (14) (15) (16) (17)
10" 4 1 .2Ö .10"5 .052 I .2 8 .I O - 5 1 .2 4 .1 0 " 4 O.52 16.3
1 1 .2Ö .10"4 .85 1 .0 8 .1 0 “ 4 1 .0 5 .1 0 ”3 5.2 10.0
10"4 T .3 .1 0 "5 .29 7 .2 .1 0 “ 5 1 .3 .1 0 ” 4 1 .2 6 .8
1 7 .3 .1 0 ” 4 .95 5 .5 .1 0 “ 4 1 .0 .10"3 12.0 20.
1 0 -4 1 .8 .1 0 ” 4 .21 1 .8 .1 0 ” 4 1 .6 .1 0 " 3 7 .0 52.
1 1 .8 .1 0 " 3 .91 1 .4 .1 0 " 3 1 .3 .1 0 " 2 70. 125.
10"4 1 .9 .1 0 -4 .05 1 .9 .1 0 ” 4 4 .3 .1 0 " 4 1 .7 57.
1 1 .9 .1 0 " 3 .46 I .9 .I O " 3 4 .3 .1 0 " 3 17.4 62.
4
10" 4 
1
10" 4
5 .9 .1 0 " 4
5 -9 .1 0 "3 
7 .2 .1 0 ”5 .04 7 .2 .1 0 " 5
1 7 .1 .1 0 -4 .37 7 .1 .1 0 " 4
H
 
H
 
O
 
C
 
1 
1
d^ 
d^ ~8. . i o “3 
- 1 .5 .1 0 '3 ~ . 56
10"4 1 .4 .1 0 " 3 .94 IO“3
1 1 .4 .1 0 " 2 .996 8. .IO "3
1 0 -4 4 .7 .1 0 " 4 .70 4 .3 .1 0 " 4
1 4 .7 .1 0 -3 .995 2 .4 .1 0 " 3
10" 4 1 .3 .1 0 " 4 .43 1 .3 .1 0 " 4
1 1 .3 .1 0 " 3 • 97 0 .8 .1 0 " 3
10" 4 7 .5 .1 0 ” 4 .42 7 .4 .1 0 " 4
1 7 .5 .1 0 " 3 .978 5 .1 .1 0 " 3
1 0 -4 I .7 . I O " 4 .40 1 .7 .1 0 " 4
1 I .7 . I O - 3 .975 1 .2 .1 0 “3
2 . 7 . 1 0 " 3
2 . 7 . 1 0 " 2
64.
64o.
.0 0 7 ± .0 0 3
3 . 4 . 1 0 ” 4 
3 . 4 . 1 0 " 3
1 . 7
1 6 .5
62.
73.
< .0 0 3
~24 .
~ 4 .5
2 3 ”x2"
. 0 2 0 ± .005 
.00251 .001
2 . 4 . 1 0 " 3
I . 9 . I O " 2
1 5 .0
150 .
26.
240 .
10 -30  
. 0 2 ± .01
1 . 0 . IO“ 3
5 . 7 . 1 0 " 3
3 .0
50.
12 .
80.
.002
3 . 0 . 1 0 " 4
I . 9 . I O - 3
1 .3
13 .
5-
22 .
Si. 001
1 . 4 . 1 0 " 3
9 . 4 . 1 0 " 3
5 .0
50.
19 .
83 .
^ .0 1 5
3 . 2 . IO "4 
2 . 2 . 1 0 “ 3
1 .2
12.
5.
20 .
Table 6 .2 , con tinued
(a ) Q£Os, con tinued
( i ) (2 ) (3 )
1 2115-30 A
0.98 B (1 .5 )
2 2145+06 A
0.367 B
3 2223-05 A 1 .4
1 . 4o6 B
4 2251+15 A
0.860 B (1 .5 )
C
5 2345-16 (1 .5 )
0.600
6 3C 345 A 1 .9
0.595 B 1 .5
C (1 .5 )
(4) (5) (6 )
1967.4 0.75 0 .38
1967.4 3 .7 2 .7
1968.0 1 .0 0.42
1966.0 ~1.2 0.65
1966.0 22. 11 .8
1967.7 3.15 1 .97
1966.0 3.90 2.44
1968.0 12.1 7.59
( 7 ) ( 8 ) ( 9 )
5000 9 9 0 0 1 9 6 2 .9
11000 15000 - 1 9 4 5
3500 8 4 oo 1928.
750 1 4 0 0 1 9 6 3 . 3
12000 22300 - I9 6 0
2650 4 2 4 0 1 9 6 0 .6
2200 3 5 0 0 1 9 6 2 .0
19000 30300 1 9 6 3 . 3
T able 6 . 2 , co n t in u e d
( a )  QSOs, co n tin u e d
1
2
3
4
5
( 1 0 ) ( 1 1 ) ( 1 2 ) ( 1 3 ) ( 1 * 0 ( 1 5 ) ( 1 6 ) a ? )
< . 2
1 0 “ 4 5 . . 1 0 - 5 .1 9 5. . 1 0 " 5 2 . . 1 0 " 4 1 . 0 9 .
1 5 . . l o “ 4 .8 9 4 . 2 . 1 0 " 4 1 . 7 . 1 0 " 3 10 . 18.
< . 0 5
1 0 - 4 8 . . 1 0 -5 .0 3 8 . . IO “ 5 1 . 5 . 1 0 " 4 0 .6 3 0 .
1 8 .  . 1 0 " 4 .3 1 8 . . I O " 4 i . 5 . 1 0 ” 3 6 .0 3 1 .
< • 1 5
1 0 " 4 6 .  . 1 0 " 5 .0 3 6 . .1 0 “ 5 3 . 6 . 1 0 " 4 1 . 7 96. < .0 4
1 6 .  . 1 0 " 4 .2 9 6 . . 1 0 " 4 3 . 5 . 1 0 " 3 1 7 . 9 4 .
<2
1 0 " 4 8 .  .1 0 ~ 4 2 . 7 . 1 0 " 3 1 3 . . 0 0 7 ± .0 0 3
1 8 .  . 1 0 " 3 2 . 7 . 1 0 " 2
1 0 " 4 5 . 5 . 1 0 " 5 .1 5 5 .5 . I O " 5 1 . 9 - 1 0 “ 4 1 . 0 11 . g .0 0 0 6
1 5 . 5 . 1 0 " 4 .825 4 . 8 . 1 0 -4 1 . 7 . 1 0 " 3 10 . 20 .
1 0 “ 4 3 . 4 . 1 0 " 4 .5 0 3 . 3 . 1 0 " 4 8 . 5 . I O " 4 4 . 1 3 .
1 3 . 4 . 1 0 " 3 .9 8 5 2 . 2 . 1 0 " 3 5 . 6 . 1 0 " 3 4 0 . 66.
<2
1 0 " 4 4 . 8 . 1 0 -4 .82 4 . 5 .1 0 ” 4 1 . 1 . 1 0 " 3 5 .5 11. .0 1 0 1 .0 0 5
1 4 . 8 . 1 0 -3 .9 9 8 1 . 8 . 1 0 -3 4 . 6 . 1 0 " 3 5 5 .
1 0 " 4 5 . 8 . I O " 5 .1 4 5 . 8 . 1 0 “ 5 1 . 5 . 1 0 " 4 0 . 7 7 . 7 < .0 0 1
1 5 . 8 . 1 0 -4 .82 5 . 4 . 1 0 " 4 1 . 4 . 1 0 ' 3 6 .6
6
Table 6 . 2 , co n tin u e d
( b ) Radio G alax ies
( 1 ) (2 ) ( 3 ) ( 4 ) ( 5 ) ( 6 ) ( 7 ) ( 8 ') ( 9 )
1 0430+05 A
0 .0 3 3 0 B
C 1967.5 2 .6 2890 1965.2
D 1968.2 1 .33 3740 1964.9
E 1967.5 16. 40000 1967.4
2 0521-56 A
0 .0 5 5 B 1967 .0 0 .5 7 3000 3170 1963.0
C 1968.5 2 .5 3 9500 10000 1 9 6 4 .4
3 2204-54 A 2 .4
0.096 B 1968. 2 .5 2750 3000 1 9 5 4 .0
4 3C 84 A 3 .5
0 .3 6 7 5 B 2 .6 1966 .0 1 1 .1 8 .1 3 800 1100 1856.
C ( 1 .5 ) 1966 .0 30 .1 2 2 .0 17000 23200 1 9 5 6 .1
Table 6 . 2 , co n t in u ed
(b) Radio Galaxies
(1 0 ) (11) (12) (13) (1*0 (15) (16) (17)
1
1 0 -4 1 . 6 .1 0 " 3 • ^9 1 . 5 .1 0 “ 3 1 . 5 .1 0 " 3 1 .0 3.
1 0 ’±5'
^ .003
1 1 .6 .1 0 " 2 .986 1 . 0 . 10“2 1 . 0 . 10“2 10. 16.
10" 4 3 . 2 .1 0 " 4 .09 3 .2 .1 0 “ 4 3 . 2 ,1 0 “3 0 .2 3-5
1 3 .2 .1 0 “3 .68 3 .0 .1 0 " 3 3 . 0 . 10"3 2 .0 4 .8
10"4 3 .6 .1 0 “ 4 .22 3 . 6 .1 0 " 4 3 .6 .1 0 “ 4 0 .2 0 .8 ^ .0008
1 3 . 6 .1 0 " 3 .915 2 . 9 .1 0 ” 3 2 . 9 .1 0 “3 2 .3 4 .1
2
10"4 2 .7 .1 0 " 4 .12 2 . 7 . 1 0 " 4 3 .0 .1 0 “ 4 0 .3 4.
1 2 .7 . I O “3 .77 2 . 4 .1 0 “3 2 .7  • 10 ” 3 3. 6.
1 0 -4 1 . 3 .1 0 “4 .05 1 . 3 . 1 0 " 4 1 .4 .1 0 “ 4 0 .1 4 4 .6
1 1 . 3 .1 0 " 3 .^5 1 . 2 .1 0 " 3 1 . 2 .1 0 “3 1 .4 8 .6
3
10“ 4 6 . .1 0 " 4 .13 6. . 1 0 " 4 6. .1 0 " 4 1 .1 14.
4
10"4 3 . 6 .1 0 “3 .23 3 .6 .1 0 “ 3 6 .7 . I O " 3 25. 180.
1 3 .6 .1 0 " 2 .920 2 . 8 .1 0 -2 5 .2 .1 0 “2 250. 450.
1 0 -4 1 . 3 .1 0 -4 .11 1 . 3 . 1 0 " 4 2 . 4 .1 0 “ 4 0 .9 14.
1 I . 3 . I O " 3 .74 1 .2 .1 0  3 2 . 2 .1 0 ”3 9 .2 22.
T a b le  6 . 2 , c o n t i n u e d  
( c ) B lank  F i e l d  O b j e c t s
( 1 ) (2) ( 3 ) (M ( 5 ) (6) ( 7 ) ( 8 )
1 01+36-
( 0 . 5 )
B ( 1 . 5 ) 1968.5 2.38 1.59 5500 8250
( 2 . 0 ) 0.79 16500
2 0735+17
( 0 . 5 )
A ( 2 . 5 ) 1967.0 2 . 2 -950
( 2 . 0 )
( 0 . 5 ) B ( 1 . 5 ) 1968.0 1 . 3 2 9000
( 2 . 0 )
3 1730-13 A
B 1 . 8
( 0 . 5 ) C 1.7 1967.0 O.96 7000
( 9 )
1963.7
1963.7
1 9 ^ 2 . 5
1964.5
1961.5 
1963.0
(2 . 0 )
T ab le  6 . 2 , c o n t in u e d
( c ) B lank  F i e l d  O b je c ts
(1 0 ) (1 1 ) (1 2 ) (1 3 ) (1*0 (1 5 )
10" 4 1 . 3 . 1 0 ” 4 .2 8 I . 3 . I O - 4 2 . 9 . 1 0 " 4 1 .3
1 1 . 3 . 1 0 " 3 .946 1 . 0 . 1 0 “ 3 2 . 3 . 1 0 " 3 13.
1 0 " 4 4 . 0 . 1 0 " 5 .18 4 . 0 . 1 0 “ 5 3 . 6 . 1 0 ” 4 1 .5
1 1 . 0 . 1 0 " 4 .868 3 . 4 . i o - 5 3 . 1 . 1 0 " 4 15.
1 0 - 4 10" 3 .41 1 . 1 . 1 0 " 3 2 . 5 . 1 0 " 3 10.
1 1 0 "2 .977 7 . . 1 0 " 3 1 . 6 . 1 0 " 2 102.
1 0 - 4 3 . 2 . 1 0 " 4 .26 3 . 2 . 1 0 " 4 2 . 9 . 1 0 - 3 12.
1 3 . 2 . 1 0 ”3 .939 2 . 5 . 1 0 " 3 2 . 2 . 10 -2 122.
1 0 - 4 5 . 4 . 1 0 " 5 .23 5 . 4 . 1 0 " 5 1 . 2 . 1 0 “ 4 0 .5
1 5 . 1 . 1 0 " 4 .923 4 . 2 . 1 0 - 4 1 0 ' 3 5 .1
10" 4 1 . 6 . 1 0 ” 5 .15 1 . 6 . 1 0 “ 5 1 . 4 . 1 0 " 4 0 .6
1 1 . 6 . 1 0 " 4 .827 1 . 4 . 1 0 " 4 1 . 3 . 1 0 “ 3 6 .3
3
10" 4 6 . 4 . 1 0 " 5 .16 6 . 4 . 1 0 “ 5 1 . 4 . 1 0 " 4 0 .6
1 6 . 4 . 1 0 " 4 .855 5 . 4 . 1 0 " 4 1 . 2 . 1 0 “ 3 6 .1
1 0 - 4 1 . 4 . 1 0 " 5 .0 7 1 . 4 . 1 0 " 5 1 . 3 . 1 0 “ 4 0 .5
l 1 . 4 . 1 0 " 4 .16 1 . 3 . 1 0 “ 4 1 . 2 . 1 0 ' 3 5 .^
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catastrophes are avoided since then v ~ c (Rees and Simon, 1968).
Such high velocities appear to be necessary if the expanding synchrotron 
model is to explain the rapid variations of flux density observed in PKS 
2251+15, 0736+01, 1510-08 and 23^5-16 (section 6.4).
(iv) As seen in section 6.4 these results are in excellent 
agreement with those of very long baseline interferometry, if magnetic 
fields of the above orders are accepted. This agreement is independent 
of a cosmological interpretation of the redshifts.
The quantities derived above for different components cannot 
be compared as these components are of different apparent ages. To 
overcome this difficulty I and f/2v have been recalculated, after using 
equations 6.3 and 6.4 to find all Sm/(Hz) corresponding to a constant 
emitted frequency, fm(Hz), of 10 GHz. If B is assumed constant this 
procedure enables all quantities to be compared under conditions of 
approximately constant surface brightness (equation 6.9)- Making no 
assumptions except that the foregoing theory is applicable leads to 
the restriction
ß“^ ~ f^’5 = constant (6.12)
Table 6.2 lists the new S /(Hz) (= S'), I and Ü /2v fornr v ' nr' '
B = 10 4 .gauss.
In Figure 6.32a these are graphed against z. QSOs are 
shown as full circles, galaxies as open circles. There is a 
significant correlation for the QSOs. The line of best fit has a 
gradient of about -2.4 ±.5» To check whether or not this is just a 
result of the combined Doppler and frequency shifts applied to the
Figure 6 ,52a
«  <  a
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original data, the latter are also shown plotted against z in Figure 
6.32b. The correlation persists, although it may be seen by comparing 
both diagrams that the effect of the corrections on a random 
distribution in a region of the - z plane would be to produce a 
negative correlation in the - z plane. It is concluded that the 
correlation of Figure 6.32a is probably real.
If QSOs are at redshift distances, a line of constant power
output would have a slope of -2. This line, shown on Figure 6.32a, is
1
also of constant l/B4 (equation 6.12). Since most variable 
components probably have similar electron energy distributions (i.e.
7 ~ 1.5 - 2.0), may be considered an approximate measure of the 
total radio power emitted. The simplest interpretation of Figure 
6.32 is then that QSOs are at the cosmological distances indicated by 
their redshifts, and that similar energies are involved in the 
formation of their variable components. If redshifts are not 
cosmological intrinsic similarity of these variable components is 
still implied.
Except at small S and f , where observational errors may m m
dominate, the scatter in S^ arises mainly from the approximation of 
the Shklovskii model to actual physical conditions, and also from 
intrinsic variations in power output, l and B.
Note that the galaxy variable components occupy a region of 
lesser power in Figure 6.32a, except for the two variable components 
of the most luminous of these objects, 3CÖ4, which fall in the same 
region as QSO components.
For a uniformly expanding sphere, with conservation of
Figure 6.32b
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magnetic flux 1/b 4 oc t2 . The evolution of l/B4 has been 
investigated in Figure 6.33a, where l/lOB4 from Table 6.2 have been
graphed against the time scales. The points define an upper limit to
1
l/lOB4 , of gradient 3/2. Lines below, but parallel to this upper
limit, define evolutionary tracks of lower expansion velocity. If
this interpretation is correct, the average expansion rate for the
variable components of galaxies is less than that for QSOs although
the dispersion in the latter is large, 
l
If l/B4 is allowed to evolve to a time corresponding to
f (l + z) = 10 GHz, the small dispersion in intrinsic properties of
the variable components is again illustrated (Figure 6.33b). For
1 1 QSOs 1(10“4/b )4 ~ 2 ±1 pc. For the galaxy variables 1(10”4/b )4 ~
1.0 ±.5 pc, except for the components of 3C84, which behave like
those of QSOs. The positions of blank field objects on this diagram
are shown in Figure 6.33c for z = 0.5 and 2. In Figure 6.33-d the
different components of the same radio source are indicated by lines
connecting corresponding points. These show a tendency for similar
expansion velocities for components within the same source, although 
1
l/B4 shows as much scatter as between the components of one radio 
source and another.
For the few sources observed by very long baseline 
interferometers no tendency was found for high magnetic fields in 
young components, although the scatter in B is more than an order of
magnitude.
l/2v (year)
Figure ,6.53a» Open circles are galaxy components, and filled ones 
QSO components. The diagonal line is of slope 3/2. Note: l/2v is
independent of 1, and is the time scale seen by the relativistic 
particles.
l/2v (year) - at f of 10 GHz
Figure 6.53b.
Figure 6.33c. Components of the same radio source are jo ined.
r'"
Figure 6.33d. Blank Field Objects. Filled and open triangles 
correspond to z - 0.5 and 2.0 respectively.
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6.6 Summary and Conclusions
A rough outline of the history of a variable radio component 
may be drawn from the observations presented in this Chapter.
Electrons are jetted with velocities approaching that of light, into a 
region of dimensions of the order of 0.1 pc or less. The injection 
may last several weeks, during which non-adiabatic, relativistic 
expansion of the region occurs. Variations of flux density observed 
in PKS 0736+01, 1510-08, 2345-16 and NRAO 512 may represent this 
initial phase where the optical depth ~ 1 near 5000 MHz. Other very 
young regions must be optically thick at all frequencies of 
observation.. Subsequent evolution is an accordance with the model of 
section 6.1 unless the expansion is decelerated by an external medium 
to velocities ~ .1 c after a few years. (in these cases the density 
of the external medium would need to be § 103 particles cm-3.)
All QSO components (and those of 3C84) involve similar 
initial energies if the distances are as indicated by their redshifts. 
Calculations of total electron energies and the relative importance of 
the inverse Compton catastrophe for 3C273 (PKS 1226+02) by Rees and 
Simon (1968) are therefore roughly applicable to all these variables. 
Rees and Simon found that for v  ^ .9c losses by the inverse Compton
53effect are unimportant; also a total electron energy of about 10 
1054 erg is required to produce the observed radio outburst. This 
energy is 104"5 less than that found assuming non-relativistic 
expansion.
The galaxy components may only appear less luminous due to 
their smaller expansion velocities. All components would also be of
66
s im i la r  lu m in o s ity  i f  th e  QSOs were c o -e x te n s iv e  w ith  g a la x ie s .  No 
m a tte r  what th e  i n t e r p r e t a t i o n ,  how ever, g a lax y  v a r ia b le  components a re  
d i f f e r e n t  from  th o se  o f  QSOs in  th e  - z p la n e .
T y p ic a l p a ram e te rs  f o r  th e s e  young so u rc e s , o b ta in e d  from th e  
p re s e n t  s tu d y , a re  sum m arised in  Table 6 . 4 . A lso shown a re  th e
r e s u l t s  o f  C o lga te  (1967* 1968), d e r iv e d  from  h is  th e o ry  o f  QSOs and 
r e l a t e d  o b je c ts .  The th e o ry  p r e d ic ts  a r a p id  su c c e s s io n  o f  supernova 
e v e n ts  r e s u l t i n g  from m u ltip le  s t e l l a r  c o a le sc e n c e  in  a n u c leu s  o f  
1 - 100 pc d im en sio n s , c o n ta in in g  ~ 10s  - 1010 s t a r s .  T his id e a  i s  
p a r t i c u l a r l y  a t t r a c t i v e  in  view  o f  th e  ap p ro x im a te ly  s im i la r  e n e rg ie s  
o f  v a r ia b le  com ponents su g g es ted  by th e  o b s e rv a tio n s ,  and t h a t  o f  a 
la rg e  supernova e x p lo s io n  ( f o r  exam ple, Cas A). The agreem ent 
betw een o b se rv a tio n s  and t h i s  th e o ry  i s  seen  to  be q u i te  good. The 
o b s e rv a tio n s  o f  supernova rem nants in  th e  Galaxy su g g es t t h a t  an 
expanding  s h e l l  a n d /o r  f i la m e n ta ry  model may be more a p p ro p r ia te  th a n  
th e  ex p lo d in g  u n ifo rm  sp h ere  f i t t e d  to  th e  p re s e n t  o b s e rv a t io n s .
W o ltje r  (1966) has shown th a t  energy  re q u ire m e n ts  and in v e rs e  Compton 
lo s s e s  co u ld  th e n  be s i g n i f i c a n t l y  red u ced .
In  th e  sample o f  QßO s p e c tr a  s tu d ie d  in  t h i s  t h e s i s ,  more 
th a n  30°!o a re  f l a t  o r  p o s i t i v e ly  cu rved  a t  h ig h  f re q u e n c ie s  (C h ap te r 
4 ). These a re  p ro b ab ly  a l l  v a r ia b le  ( s e c t io n  6 .3 ) ;  so i f  a l l  QSOs 
have s im i la r  r a d io  c h a r a c t e r i s t i c s ,  a c o n s id e ra b le  f r a c t i o n  o f  t h e i r  
t o t a l  r a d io  l i f e t i m e  (o f  perhaps 10s  y e a r s )  i s  sp en t in  th e  v a r ia b le  
ph ase . The c o n tin u e d  a c t i v i t y  o b serv ed  in  th e  s p e c tr a  o f  many o f  
th e  c u r r e n t  v a r ia b le s  i s  c o n s is te n t  w ith  t h i s .  Assuming an 
e f f i c i e n c y  o f  1$, th e n  i f  1051 e rg  o f  r e l a t i v i s t i c  p a r t i c l e  energy
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is supplied to a QSO at the rate of once every three years for l/3 of 
its 'lifetime', the total increase in particle energy will be ~ 105s 
erg, which is of the order expected in non-varying QßOs from 
equipartition arguments. Thus the variable components may account
for 'normal' spectra (see, for example, Kellermann 1966).
The theory of section 6.1 has been so successful in 
accounting for the observed variations that it would be difficult to 
argue against either the operation of the electron synchrotron 
process or an expanding source model.
More detailed observations of flux density and angular 
structure as a function of both frequency and time are needed to 
investigate the differences of actual conditions from those assumed 
by the model. Very high frequency observations are particularly 
needed to study the initial violent events giving rise to variable
sources.
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CHAPTER 7 
EPILOGUE
The results of the present statistical study and the time 
variation programme have been presented and discussed in detail in 
Chapters 5 and 6 respectively. These results are summarised in 
section 7*1» in section J.2 their contribution to our knowledge 
about physical conditions within, and evolution of radio sources is 
summarised. In section 7*3 the results of the present work are 
combined with other radio and optical results, to provide support for 
the 'continuity' hypothesis - that the giant galaxies, Q30s and blank 
field objects are really one class. This chapter concludes with 
suggestions for future research.
7.1 Summary of Results
(i) For the present sample of sources, defined in section 
1.4, the statistical study revealed the following differences in 
spectra between the identification classes -
QSOs The basic power law spectrum is modified by low frequency 
absorption in 40% of QßOs. At high frequencies 1 show slight 
steepening, and 30% show evidence of flatter spectrum components.
Radio galaxies The power law spectra of the most luminous are 
modified by self-absorption at low frequencies. Steepening at higher 
frequencies is observed in 40$, and in general is more pronounced than 
in QSO spectra. Only of the radio galaxy spectra tend to flatten
at high frequencies. Most are N and Seyfert galaxies, of which at
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least three out of nine are variable.
Blank field objects Most blank field, objects have spectra which show 
marked continuous negative curvature. Only one spectrum out of 31 was 
observed to flatten towards high frequencies.
(ii) For QSOs, no significant dependence on redshift was 
found for flux density, spectral index, spectral curvature or 
polarization. Contrary to the conclusion of Schmidt (1966) no evidence 
was found for an increase in space density of QSOs with distance.
(iii) Strong evidence has been found for increasing average 
spectral index with luminosity (or surface brightness) for radio 
galaxies. This trend has also been noted in previous spectrum studies.
(iv) The presence of scintillation is associated with flat 
spectra for QSOs, and with distance for radio galaxies. The high 
proportion of scintillators among blank field objects, together with 
their steeper spectra, suggests that they are more distant, on the 
average, than the radio galaxies studied.
(v) The average degree of polarization is less for QSOs with 
flat spectra than those with steep spectra.
(vi) The average degree of polarization for identified 
objects is greatest for the radio galaxies of low surface brightness 
and decreases with increasing surface brightness, being < 2$ for the
brightest QSOs.
TO
The results of the observations of time variations of the 
spectra are summarised as follows.
(vii) Variations occur over intervals of weeks to months.
The observations were not designed to detect variations on shorter time 
scales.
(viii) Variations in flux density are always associated with 
spectra which are flat or enhanced at high frequencies. These spectra 
may be resolved into components, at least one of which exhibits self­
absorption and to which time variations are attributed.
(ix) The form of the variations is generally in good
«I*
agreement with that expected on the expanding, uniform sphere model of 
Kellermann and van der Laan - although this model must clearly be an 
approximation to actual physical conditions.
7.2 Physical Conditions within Extragalactic Radio Sources
In Chapter 6 it was shown that outbursts in QSOs and the 
most luminous radio galaxies occur with a frequency of the order of 
once per year, and may involve energies of ~ 1053 erg per outburst.
It was also shown that energies of this order are sufficient to 
produce and maintain the observed radio spectra.
The observations of time variations of spectra have proved 
to be a powerful method for investigating physical conditions, and the 
evolution of these young radio sources. Most of the derived 
parameters do not depend critically on the unknown value of the 
magnetic field, and no assumptions are required about equipartition of 
magnetic and fast-particle energies.
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Tables 6.2 and 6 ,h show that relativistic expansion 
velocities are usual; although these vary widely, physical conditions 
and their evolution appear to be very similar from one component to 
another. This may partly be a result of observational selection and 
further data are needed for confirmation.
The subsequent expansion of the radio-emitting cloud, 
according to the evolutionary scheme of Chapter 5> continues until 
equilibrium is established between internal and intergalactic forces. 
Appreciable deceleration may have occurred already in source 
components which are optically thick at metre wavelengths and for 
which no flux density variations have been detected. Several of 
these sources are associated with variable or possibly variable 
components at higher frequencies (for example 1127-1^> 2230+11,
193^-63, O518+I6). In the radio-quiet analogues of the QSOs and 
radio galaxies, stable volumes may have been attained, which are 
optically thick at frequencies above ~ 10000 MHz.
The present results support Kellermann's theory of the 
evolution of radio source spectra. The steep spectra (a ~ 0.8 ) of 
the low frequency components may be maintained by quasi-continuous 
injection of high energy electrons having 7 ~ 1.5* The existence of 
such flat energy distributions is indicated by the flat spectra of the 
young components at the frequencies for which they are optically thin.
If the high frequency energy supply is cut, sources with 
higher emissivity would be expected to decay more rapidly. This may 
explain the steeper average spectra of the most luminous radio 
galaxies.
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7 .3  G a la x ie s , QSOs and R e la te d  O b jec ts
The C o n tin u ity  o f  O bserved P ro p e r t ie s  o f  E x t r a g a la c t ic  O b jec ts
( i )  O p tic a l  O b se rv a tio n s . The U-B, B-V c o lo u rs  (n o t 
c o r r e c te d  f o r  K-dimming e t c . ) a re  p lo t t e d  in  F ig u re  7*1 f o r  E and N 
g a la x ie s ,  compact g a la x ie s ,  QSOs and QSGs. The c o lo u rs  o f  ra d io  
e m it te r s  a re  seen  to  he in d i s t in g u is h a b le  from th o se  o f  t h e i r  r a d io ­
q u ie t  c o u n te rp a r ts  (A rp, 1968 ; W este rlund  and W all, 196 9 ).
The QSOs a re  much b lu e r  th a n  th e  g a la x ie s .  S canner 
o b s e rv a tio n s  o f  Wampler, Oke and o th e rs  have shown smooth o p t i c a l  
c o n tin u a  f o r  s e v e ra l  QSOs, w ith  s p e c t r a l  in d ic e s  n e a r  1 .0 .  These 
r e s u l t s  a re  c o n s is te n t  w ith  th e  'com prom ise co m p o site ' spectrum  
deduced by Sandage ( 1966 ) from UBV c o lo u rs .
The N and compact g a la x ie s  have c o lo u rs  in te rm e d ia te  
betw een th o s e  o f  th e  QSOs and th e  E g a la x ie s .  The continuum  o f  th e  
N g a lax y  3C371 i s  found to  resem ble  t h a t  o f  th e  QSO, 3048, and o f  
> o th e r  r e l a t i v e l y  re d  QSOs (Oke, 1967 ).
The n u c le u s  o f  th e  S e y fe r t  g a lax y  NGC 4151 has QSO-like 
c o lo u rs  and an o p t i c a l  continuum  w ith  Oi ~ 1 .0 .  Redder S e y fe r t  
n u c le i  have a  ^ 2 (Oke, 1 968 ), and f a l l  amongst N g a la x ie s  and re d d e r  
QSOs.
Sandage and o th e r s  have su g g e s te d  t h a t  th e  s p e c tr a  o f  N 
g a la x ie s  and S e y fe r t  n u c le i  may be composed o f  an u n d e r ly in g  E g a lax y  
ty p e  spectrum  w ith  a n o n -th e rm al Q SO -like c o n t r ib u t io n .  The c o lo u rs  
r e s u l t i n g  from  a  combined M 31 ty p e  and QSO 'com prom ise co m p o site ' 
spectrum  a re  c a lc u la te d  in  Appendix C. I t  i s  shown t h a t  QSO c o lo u rs

O QSOs :
__ B N- g a la x ie s
•  • Radio g a lax ie s  
□ Radio q u ie t g a la x ie s
(B-vL
Figur« adapted  from W esterlund^and Wall (1968).
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r e s u l t  from o n ly  ~ 0^5 a d d i t io n a l  n o n -th e rm a l f lu x  d e n s i ty  a t  an e m itte d
o
w aveleng th  o f  5500 A. Less n o n -th e rm a l c o n t r ib u t io n  to  V i s  r e q u ire d , 
to  a f f e c t  th e  o b serv ed  c o lo u rs  as th e  spectrum  i s  r e d s h i f te d .  The 
in te rm e d ia te  c o lo u rs  o f  N and S e y fe r t  g a la x ie s  would r e s u l t  from  a v e ry  
sm a ll QSO-like c o n t r ib u t io n .  S ince  o p t i c a l  tim e  v a r i a t io n s  a re  
commonly o b serv ed  in  QSOs and QSGs, th e  above i n t e r p r e t a t i o n  i s  w e ll 
su p p o rted  by th e  e x is te n c e  and c h a r a c te r  o f  l i g h t  f lu c tu a t io n s  in  a t  
l e a s t  5 N g a la x ie s  (Sandage, 1967; Eggen, 1968). and 5 S e y fe r t  g a la x ie s  
( r e p o r te d  in  P ro ceed in g s o f  th e  C onference on S e y fe r t  G a lax ies  and 
R e la te d  O b je c ts ) .  C olours o f  th e s e  g a la x ie s  become in c r e a s in g ly  b lu e  
as  th e  o b je c ts  b r ig h te n .
The l i n e  s p e c tr a  o f  N and S e y fe r t  g a la x ie s  a re  in te rm e d ia te  
betw een th o se  o f  E g a la x ie s  and Q30s. The N and S e y fe r t  g a la x ie s  show 
sh a rp  s t e l l a r  a b s o rp tio n  l i n e s ,  and in  a d d i t io n  th e  b ro ad , som etim es 
m u lt ip le  e m issio n  l i n e s  c h a r a c te r i s in g  h ig h  v e l o c i t i e s  (3 ,0 0 0  - 10 ,000  
km s e c “ 1 ) w ith in  th e  N g a la x ie s ,  compact g a la x ie s ,  QSOs and QSGs.
( i i )  Radio O b se rv a tio n s . QßOs may be d is t in g u is h e d  from 
ra d io  g a la x ie s  s t a t i s t i c a l l y  on th e  b a s i s  o f  r a d io  s p e c tr a ,  
p o la r i z a t io n ,  b r ig h tn e s s  d i s t r i b u t i o n  and t i m e - v a r i a b i l i t y .  However, 
th e r e  i s  c o n s id e ra b le  o v e r la p  in  th e s e  p r o p e r t i e s ,  p a r t i c u l a r l y  f o r  
th e  g a la x ie s  o f  h ig h e s t  r a d io  lu m in o s ity  - f o r  exam ple, th e  S e y fe r t  and 
N g a la x ie s .  Many o f  th e  l a t t e r  have f l a t ,  and th e r e f o r e  p ro b ab ly  
v a r ia b le  ra d io  s p e c tr a ,  to g e th e r  w ith  h ig h  s u r fa c e  b r ig h tn e s s e s .  A 
number o f  QSOs have s te e p  s p e c tr a  c h a r a c t e r i s t i c  o f  many g a la x ie s ,  
a lth o u g h  none s te e p e n  a t  h ig h  f re q u e n c ie s  to  th e  e x te n t  som etim es 
o b serv ed  in  ra d io  g a la x ie s .
Galaxies or QSOs which are variable at radio frequencies, 
appear to be variable also at optical frequencies (where enough optical 
data is available to show this). Spectra which are flat at high radio 
frequencies are frequently associated with evidence of violent activity 
at optical frequencies. But the reverse statements are not true.
Ryle (1967) has reported observations of QSO structure with 
the high resolution Jodrell Bank - Malvern interferometer. These show 
that linear component separations are of the same order as for radio 
galaxies, if QßO redshifts are cosmological; if Q£0 distances are 
similar to those of galaxies, their linear dimensions are similar to 
those of Seyfert nuclei.
(iii) Observations at Infrared and Millimeter Wavelengths. 
Some optically active QSOs and Seyfert galaxies radiate most of their 
power at frequencies intermediate between radio and optical regions 
(Low and Kleinmann, 1968). Low and Kleinmann show that there is then 
considerable overlap in bolometric luminosity between galaxies and 
Seyfert galaxies, and between Seyfert galaxies and QSOs, if the latter 
are at distances implied by their redshifts. The QSOs, if their 
distances are similar to those of galaxies, will also radiate similar 
total powers.
Thg Relation between Non-thermal Radiation at Optical and Radio 
Frequencies
Matthews and Sandage (1963) showed that the optical flux 
densities of the QSOs 3048 and 3CI96 could be computed from the theory 
of synchrotron radiation and the electron energy distribution found
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from th e  r a d io  s p e c tr a .  T his ap p ea rs  to  be t r u e  f o r  most QSOs. Where 
a d d i t io n a l  s p e c t r a l  com ponents a f f e c t  h ig h  ra d io  o r  in f r a r e d  f re q u e n c ie s  
th e  o p t i c a l  f lu x  d e n s i ty  ap p ea rs  to  be an e x t r a p o la t io n  o f  th e  low er 
freq u en cy  r a d io  spectrum . There may be no such d i r e c t  p h y s ic a l  
r e l a t i o n  betw een ra d io  and o p t i c a l  f lu x  d e n s i t i e s ,  s in c e  f o r  some QSOs 
th e  ra d io  and o p t i c a l  p o s i t io n s  do n o t c o in c id e . However, an i n d i r e c t  
r e l a t i o n  i s  in d ic a te d  by th e  fo llo w in g  o b s e rv a tio n s  -
( i )  Time v a r i a t io n s  w ith in  th e  same o b je c t  a t  b o th  ra d io  and 
o p t i c a l  f re q u e n c ie s  su g g e s t a common so u rce  o f  energy .
( i i )  There i s  no sh a rp  c u t - o f f  in  o p t i c a l  a p p a re n t m agnitude f o r
QSOs, due to  th e  p la te  l i m i t  o f  th e  Palom ar Sky Survey. T his may be 
seen  in  F ig u re  7 . 2 , where lo g  i s  g raphed  a g a in s t  V^. The
observ ed  r a t i o  o f  r a d io  to  o p t i c a l  lu m in o s ity  o f  ~ 103 may th e r e f o r e  
be a p a ram e te r o f  th e  mechanism g iv in g  r i s e  to  th e  sy n c h ro tro n  
r a d ia t io n  a t  r a d io  f re q u e n c ie s ,  and th e  n o n -th e rm a l e m issio n  a t  
o p t i c a l  f r e q u e n c ie s .
( i i i )  In  v e ry  ra d io  lum inous o b je c ts  whose s p e c tr a  s te e p e n  
m arkedly  a t  h ig h  ra d io  f re q u e n c ie s  ( f o r  example th e  g a la x ie s  Cygnus A 
and 3C295) th e  UBV c o lo u rs  a re  l i k e  th o s e  o f  E g a la x ie s .  Perhaps 
th e  r a p id  e v o lu t io n  o f  th e  ra d io  spectrum  i s  a l s o  r e f l e c t e d  in  th e  
la c k  o f  d e te c ta b le  n o n -th e rm al e m iss io n  a t  o p t i c a l  f r e q u e n c ie s .  The 
l a t t e r  i s  < 10"3 tim es  th e  ra d io  lu m in o s ity .
M issing  G a lax ies  ?
F ig u re  7*3 com pares f o r  r a d io  g a la x ie s  th e  narrow  h is to g ra m  
o f  a p p a re n t r a d io  m agnitudes w ith  th e  b ro a d e r  one o f  a p p a re n t o p t i c a l
*QßOü •
Figure J.2
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magnitudes. The sharp cut-off in the latter distribution due to the 
magnitude limit of the Palomar Sky Survey, together with the constancy 
of the absolute visual magnitudes implies the existence of many radio 
galaxies beyond a distance corresponding to z ~ .45. Many of these 
more distant radio galaxies should have been detected in present 
surveys at radio frequencies.
The high radio luminosity of these 'invisible' galaxies 
could result in their high rate of evolution. If the energy supply 
is diminished or has ceased, then their radio spectra should be very 
steep at high frequencies, and their non-thermal optical luminosity 
too low to be detected. Alternatively, if the energy supply has 
continued, their radio spectra should be flatter and their optical 
spectra dominated by non-thermal light. These alternatives then 
result in radio sources with the observed characteristics of blank 
field objects and QßOs respectively.
The simplest picture of extragalactic radio sources seems 
to be of a single radio luminosity function, with normal galaxies at 
the low luminosities and with a steep cut-off at the high 
luminosities of the QSOs. This requires that the QSOs are at the 
cosmological distances indicated by their redshifts. The 
distinction between the radio galaxies and QSOs is then a result of 
observational selection - all these objects being giant galaxies, but 
differing in the degree of non-thermal contribution to their optical 
spectra. Radio emission is associated with non-thermal optical
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characteristics - just how is not yet clear.
An alternative interpretation is one devised to lessen the 
energy required by QSOs - by assuming them to be at similar distances 
to the observed radio galaxies, instead of nearly 100 times further 
away. The power output and linear dimensions of the QSOs then become 
similar to those of Seyfert nuclei. The problem in this case is to 
explain the origin of the large redshifts. This interpretation fails 
to overcome the energy problem; the most luminous galaxies are still 
as powerful as the QSOs if the latter are at the distances implied by 
their redshifts.
Arguments against a cosmological interpretation of QSO 
redshifts require further investigation. They concern
(i) anomalies in the redshift distribution (Burbidge, 1968), and 
(ii.) the absence of cluster galaxies associated with 13 QSOs for 
which z < .4.
Other arguments which have been presented do not seem
serious.
7.4 Quo Vadis?
The results of the statistical study support the hypothesis 
that the QßOs and blank field objects are distant radio galaxies. A 
continuing energy supply in the QSOs results in their flatter radio 
spectra, and their non-thermal optical spectra. A diminished energy 
supply for the blank field objects results in their steep spectra at 
high radio frequencies, and accounts for their being undetected at 
optical frequencies. This hypothesis may be tested by the
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identification content of radio surveys to flux densities lower than 
those of the Parkes Catalogue Survey. Deep plates in the blue and 
visual should reveal the nature of the blank field objects.
The observations of time variations of radio spectra fit the 
expanding radio source model of Kellermann and van der Laan. In order 
to determine departures from this simple model, simultaneous 
observations ought to be made of
(i) flux densities over a wide range of frequencies,
(ii) degree and position angle of linear polarization, and
(iii) angular structure, using very long baseline interferometry.
Observations should be repeated at intervals, depending on
the rates at which these quantities vary. The present study indicates 
that variations of radio emission at high frequencies are more directly 
related to the initial explosion than the variations at lower 
frequencies. Thus observations at millimetre and infrared 
wavelengths are important.
The observational programme outlined above can be best 
implemented through the cooperation of several observatories. Such a 
joint effort would lead to the most rapid increase in our understanding 
of variable radio sources.
* *THE END
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Appendix A
Radio Sources f o r  Flux D en s ity  C a l ib r a t io n
The fo llo w in g  so u rces  have w e ll -d e f in e d  s p e c tr a  o v e r a
500 - 5000 MHz freq u en cy  range , and may he u sed  to  d e f in e  th e  f lu x
d e n s i ty  s c a le s  a t  each  freq u en cy . The a b s o lu te  acc u racy  i s  ex p ec ted  
to  he w ith in  71° )  th e  s c a le s  b e in g  ap p ro x im a te ly  th o se  o f  K ellerm ann 
(1964 a , h ) .
N orth  o f  -33° d e c l in a t io n  South o f  -33° d e c l in a t io n
0003-00  
0023-26 
0305+03 /  
0325+02* /  
0442-28
0624-05 
0725+14 /  
0758+14 /  
0855+14 
0 9 1 5 -I I* /
0941+10 
1008+06 
1040+12 /  
1241+16 
.1306-09
1420+19
1514+07
1602+01
1648+05*/
1938-15
1949+02*/
2012+23
2104-25
2121+24
2145+15
2211-17
2314+03
* ex ten d ed  
/  power law  s p e c tr a
0043-42
04o8-65
0410-75
1932-46
195^-55 /
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APPENDIX B
Compilation of Flux Densities for Study of Time Variations 
(5000, 2650, l4l0, 96Q, 655, 467 MHz )
Included, are sources for which time variations are observed 
or suspected (noted as V or (v) respectively). In addition 
sources are included for which there is sufficient data to detect 
time variations, and whose spectra indicate self-absorption at high 
frequencies. Data is also presented for the Seyfert galaxy 0240-00 
(NGC IO68). Although this galaxy has a power law radio spectrum, 
Epstein and Fogarty (1968) have found variations at 88 GHz. It is 
also an optical variable. Sources marked by an asterisk have been 
observed at 10.63 GHz (Medd et al., I968),
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References for Appendix B
Roberts and Harris, unpublished Parkes measurements. 
Kellermann, unpublished Parkes measurements.
Parkes catalogue (~ 1965.0).
Parkes transit catalogue (1965.I ±.6).
Merkelijn and Harris, from recent transit measurements.
Whiteoak, flux densities generally from total power records 
during polarization measurements (Parkes).
Wall, unpublished Parkes measurements.
Milne, unpublished Parkes measurements.
Measurements from NRAO, Greenbank - published by Kellermann, 
Pauliny-Toth et al. - rescaled.
Published in papers by Kellemann, Pauliny-Toth - rescaled. 
Fomalont, 196 .
Goss and Day, unpublished Parkes measurements.
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A ppendix  B
D ate S Ref D ate S R ef D ate S
0056-00
5 0 0 0  MHz 2 6 5 0  MHz
6 8 .4 2 l . 3 9 ( . 0 5 ) 7
6 8 .5 1 l . 3 8 ( . 1 0 ) 6
6 8 .5 9 1 . 3 5 ( . 0 5 ) 7
0106+01V*
5 0 0 0  MHz
6 8 .3 4 2 . 8 5 ( . 0 5 ) 8 , 7
6 8 .3 9 2 . 8 3 ( . 0 5 ) 8
6 8 .4 4 2 . 8 6 ( . 0 5 ) 8
68 .5 1 2 . 8 9 ( . 0 5 )
6 8 .5 9 2 . 7 9 ( . 0 5 )
6 8 .6 0 2 . 7 8 ( . 0 7 ) 7
0229+13
5 0 0 0  MHz
~ 6 4 .2 1 .4  ( . 1 0 ) 2
6 6 .9 4 1 . 2 0 ( . 1 5 ) 1
68 .51 0 . 9 8 ( . 0 4 )
68 .5 3 1 . 0 5 ( . 0 6 ) 6
0237-23
5 0 0 0  MHz
65 .95 3 . 4 6 ( . 2 0 ) 1
67 .3 7 3 . 0 7 ( . 3 0 ) 1
6 8 .5 0 3 . 2 8 ( . 2 0 ) 6
68 .5 1 3 . 4 4 ( . 0 7 )
6 5 . 0 1 . 9 3
- 6 5 . 1 2 . 0 4
- 6 6 . 6 l . 9 4 ( . o 4 ) 9
6 7 .7 5 1 . 9 8 ( . 0 5 ) 1
6 8 .0 4 1 . 9 2 ( . 0 5 ) 5
6 8 .9 4 1 . 8 5 ( . 0 5 ) 6
2 6 5 0  MHz
- 6 4 .5 0 . 9  ( 0 9 9 ) 3
- 6 5 . 0 0079 ( . 1 ) 4
6 6 .4 4 1 . 0 5 ( . 0 4 ) 1
- 6 6 . 6 1 . 1 2 ( . 0 4 ) 9
6 6 .7 8 1 . 1  ( . 1 1 ) 4
6 7 .8 4 1 . 6 8 ( . 0 3 )
6 8 .2 6 2 . 0 0 ( . 0 5 )
6 8 .9 4 i - 9 8 ( . 0 5 ) 7
2 6 5 0  MHz
- 6 4 .5 1 . 4  ( 3
- 6 6 .6 l . 3 8 ( . 0 4 ) 9
6 7 .0 9 1 . 4 7 4
6 8 .0 4 1 . 3 7 ( . 0 6 )
2 6 5 0  MHz
6 5 .9 0 5 . 3 1 ( . o6 ) 1
’6 6 . 0 5 .0 4
6 6 .4 4 5 . 3 l ( . 0 7 ) 1
6 8 .0 4 5 . 2 4 ( . 0 8 ) 5
6 8 .9 4 5 . l 6 ( . 0 7 ) 7
l 4lO MHz
6 7 .8 2  1 . 4 0 ( . 0 9 )
6 8 .1 4  1 . 3 2 ( . 0 8 )
Ref
B - i v
Date s Ref Date s Ref Date s Ref
0240-00
5000 MHz 2650 MHz 1410 MHz
- 64.2 1.9 ( -2 ) 2 -65.0 2.9 3 -63.3 M97( . 09) 9
-67.0 i . 9 0 ( . i o ) 9 - 65.1 3.0 4 -65.25 4 . 9 0 ( . o6) 11
68.50 l . 93( . l ) 6 65.57 3. 17( . 05) 1 66.57 5 .01(.18)
68.59 l . 93( .05) 7 65.77 3. 17( . 05) 1 66.74 5 .24(.18)
66.l8 3. 09( .05) 1
66.44 3.12(.08) 1
-66.6 3. 12( .05 ) 9
68.94 3-1M -05) 6
0336-01 V *
5000 MHz 2650 MHz l 4l 0 MHz
- 64.2 2.6 2 - 64.2 2.6 2 - 64.2 2 . 98( . 15) 2
66.94 1-.9M.05) 1 -65.0 2.2 3 -65.25 2 .40( .60) 11
68.50 2 .25 ( .06) 6 —65.1 2.5 4 66.59 2 . o8 ( .0 5 )
68.59 2 .28 ( .07) 6 65.7 l . 89( .05) 9 66.75 1 .8 7 ( .10)
66.18 1 .8 l ( .18) l 67.83 1 .9 8 ( .20)
66.44 1 .6 9 ( .l8 ) l 68.13 1 .69( . 15)
-66.5 l - 92( . 05) 9
67.4 1 . 77( . 05) 9
67.75 1 .92(.09)
68.04 2. l 8 ( .06) 5
68.94 2 .37(•06) 7
960 MHz 635 MHz
- 64.2 2.80 2 - 64.2 3 .06(.25) 2
66.48 2 .30 ( .07) 66.57 2 .66 ( .10)
66.71 2 .37( . 07) 66.74 3 .1 2 c .10)
67.83 1 . 77( . 10) 68.14 2 .38( . 13)
0405-12 (V)
5000 MHz 2650 MHz 1410 MHz
68.51 1 .8 8 ( .08) 6 -65.1 2.6 4 -65.25 3-3 3 ( .15 ) 11
68.55 1 . 85( . 05) -66.6 2 .46( .05) 9 66.58 2 .85( . 12) 1
68.56 1 .9 7 ( .o 8 ) 6 67.07 2.3M .05) 1 67.14 3 . 42( .20) 1
68.60 1 . 7M .05) 68.14 3.03(.12) 1
960 MHz 635 MHz
3. 53( . 08)
3 .62( . 15)
66.58 7«90(.18)
67.14 4 .97 (.25)
68.14 5•32(.20)
66.71
67.83
B - v
Date S R ef
0 4 3 0 ^ 5
V *
5000 MHz
- 6 5 . 1 5 . 9 ° ( .65 ) 2
65 .59 4 . l 4 ( . 5 9 ) 9
65 .98 3 . 8 o ( .08) 1
66 .09 5 . 5 7 ( .20 ) 9
66.41 6 . 0 5 ( .24 ) 1
66.62 9 . 2 5 ( 1 . 7 ) 10
66.93 7 . 6 0 ( 1 . 7 ) 10
66.93 7 . 6 o ( .14) 1
67 .09 6 . 2 6 ( 1 . 3 ) 10
67.20 5 . 6 5 ( 1 . 1 ) 10
67.42 4 . 8 8 ( 1 . 0 ) 10
67 .75 5 . 5 6 ( 1 . 1 ) 10
67.95 8 . 7 5 ( . 2 5 ) 9
68.06 9 . 4 2 ( . 1 6 ) 9
68.51 8 . 6 0 ( . l 4 )
68 .59 1 0 . 0 3 ( .16 )
960 MHz
66.71 5 . 9 6 ( . 1 0 )
67.84 4 . 1 1 ( . 1 0 )
q438-43V
5000 MHz
65.10 5 . 8 6 ( .55 ) 2
65.96 5 . 9 0 ( .0 6 ) 1
66.93 6 . 1 0 ( .14 ) 1
67.36 5• l 6 ( .23 > 1
68.51 7 . 4 o ( .12 )
D ate S Ref
2650 MHz
64.97 3 . 2 5 ( . 4 o ) 2
65.57 5 - 4 5 ( .04 ) 1
65.70 5 . 7  ( A ) 9
65.81 3 . 6 2 ( .04) 1
65.92 3 . 5 M . 0 3 ) 1
66 .28 3 . 2 0 ( . 0 5 ) 1
66.49 4 . 7 0 ( .18 ) 9
66.52 5 . 26( .18 ) 9
66 .59 5 . 3 7 ( . l 8 ) 9
66.74 5 . 9 4 ( . i 8) 9
66.79 6 . 3 6 ( .18 ) 9
6 7 . l l 5 - 5 9 ( -05) 1
67.32 5 . 5 4 ( . 1 7 ) 9
67.51 4 . 5 5 ( -25) 10
67 .68 4 . 8 3 ( . 1 9 )
67 .88 4 . 7 l (  .18) 9
68.12 6 . 5 5 ( . 0 9 ) 6
68.26 8 . 4 4 ( .12 )
68 .29 8 . 5 5 ( .10 )
68.94 8 . 4 i ( .12 ) 7
69 .08 9 - 9 6 ( . 2 0 ) 6
655 MHz
66.73 4 . 6 5 ( . 1 5 )
66.96 4 . 3 2 ( . 1 5 )
68 .14 4 . 8 4 ( .11 )
2650 MHz
- 6 4 . 0 6 .2  ( . 6 ) 3
- 6 4 . 2 5 . 5 6 ( . 4 ) 2
- 6 5 . 1 6 . 1  ( . 6 ) 4
65.56 5 . 9 8 ( .08 ) 1
65.84 6 . 0 6 ( , 0 8 ) 1
65.94 5 - 9 3 ( . 0 8 ) 1
66.19 6 . 0 6 ( . 0 8 ) 1
66.45 6 . 1 2 ( .08 ) 1
67.07 6 . 0 9 ( .08 ) 1
67.91 6 .8 6  ( .  06 )
68.07 6 . 8 6 ( . 0 8 ) 12
68.94 7 . 5 9 ( .10 ) 7
D ate S Ref
1410 MHz
62 .8 5 - 5 9 ( . 2 9 ) 9
66.1 5 .5  ( . 2 ) 9
66.73 4 . 2 7 ( .14 )
66.96 4 . 5 l ( . l 4 )
67.20 4 . 8 9 ( . 2 0 ) 9
67.76 4 . 6 l ( .18 ) 10
67.82 4 . 1 5 ( .1 0 )
68.00 4 . l 9 ( . l 8 . ) 9
68.14 4 . l l ( .10 )
1410 MHz
- 6 4 . 2 6 . 7 9  2
- 6 5 . 2 5 6 . 4 6 ( . 1 7 )  11
6 6 . 3 3 6 . 4 7 ( . 1 5 )
6 6 .5 9 6 . 6 o ( . 1 5 )
6 6 . 9 7 6 . 5 4 ( . 1 1 )
6 7 . 1 4 6 . 5 8 ( . 2 0 )
B - v i
D ate S Ref
0438-43V, continued 
960 MHz
-6 4 .2  6.65
66.48 7 * l8 ( .10)
66.71 7 .0 9 ( .10)
67.84 6 .9 2 ( .1 0 )
. . V *o44o-oo
5000 MHz
66.40 4 .02(.21)
66.93 3 .62 (.l4 )
68.42 3 .13 (.l6 )
68.50 3 .45 (.l8 )
68.51 3 .o8 ( .07)
68.59 3.22(.07)
96O MHz
66.71 2.15(.15)
67.83 2 .6o(.15)
0458-02 (V)
5000 MHz
68.34 1.76(.06)
68.50 2 ,07(.07)
Date S Ref
635 MHz
-6 4 .2 7 .0  2
66.33 7 • 92 ( .  20)
66.59 7 .8 9 ( .2 0 )
66.97 7 -9 6 ( .1 3 )
67.14 7 -7 7 ( .2 0 )
2650 MHz
-65.O 4 .4  ( . 5 ) 3
- 6 5 . I 4 .6  ( .4 ) 4
65.7 4 .2 9 ( .0 5 ) 9
66.5 4 . 4 2 ( .05) 9
67.4 3.8o(.05 ) 9
68.04 3 .5 2 ( .1 2 ) 5
68.94 3. 4 l ( . 08) 7
635 MHz
66.97 1 . 9 2 ( .13)
67.14 1 .9 6 ( . l 8 )
68.14 2 .4 8 ( .20)
2650 MHz
7 ~65.0 1.9 3
6 -65.1 2.0 4
-66.6 2 .1 3 ( .04) 9
67.84 l . 7 9 ( .07)
68.04 1.96(.09) 5
68.94 1.85(.05) 7
D ate S Ref
1410 MHz
-62.8  2 .4 l ( .29) 9
66.1 3.7 ( .3 )  9
66.97 (3«o8(.09))
67.14 3 .5 1 ( .1 7 )
67.85 3 .7 2 ( .1 2 )
68.14 3 .6 8 ( .17)
l4 l0  MHz
68.14 2 .1 5 ( .2 0 )
B v i i
D ate S Ref D ate S Ref D ate s Ref
0518+16 V *
5 0 0 0  MHz 2 6 5 0  MHz 96O MHz
- 6 3 .4 4 . 1 6 ( 1 . 0 4 ) 9 - 6 4 .5 7 . 1  ( . 7 ) 3 6 6 .7 1 1 1 . 0 5 ( . 1 6 )
- 6 4 .2 3 . 9  ( . 5 ) 2 - 6 5 .1 6 . 6  ( . 6 ) 4 6 7 .8 4 1 1 . 2 3 ( . 1 6 )
6 5 .9 7 4 . 1 1 ( . 0 7 ) 1 6 5 .7 7 6 . 3 0 ( . 0 4 ) 1
6 6 .9 3 4 . 1 0 ( . 0 7 ) 1 6 5 .9 3 6 . 2 5 ( . o4 ) 1
6 8 .5 0 3 . 6 9 ( . 20 ) 6 - 6 6 . 6 6 . 2 5 ( . 0 7 ) 9
6 8 .5 1 4 . 0 4 ( . 1 1 ) 6 7 .0 6 6 . 3 1 ( . 1 0 ) 1
6 8 .5 9 4 . 0 5 ( . l l ) 6 8 .0 4 6 . l 8 ( . 0 4 )
0 5 2 1 -3 6
V
5 0 0 0  MHz 2 6 5 0  MHz 1 4 1 0  MHz
—6 5 .1 8 . 7 4 ( . 4 0 ) 2 - 6 4 .0 1 1 .4 3 - 6 4 .2 1 7 . 0  ( 1 . 0 ) 2
6 5 .9 7 8 . 5 5 ( . 0 5 ) 1 - 6 4 .2 11 .8 1 2 - 6 5 . 2 5 1 6 .2 5 ( . 2 7 ) 11
6 6 .4 1 8 . 6 7 ( . 3 0 ) 1 - 6 5 . 1 1 1 .5 4 6 6 .5 8 1 6 . 4 2 ( . 3 5 )
6 6 .9 3 8 . 1 5 ( . o 6 ) 1 6 5 .5 6 1 2 . 0 3 ( . 0 8 ) 1 6 6 .7 4 1 7 . 2 3 ( . 2 0 )
6 7 .3 6 8 . 6 9 ( . 3 0 ) 1 65 .7 5 1 1 . 6 5 ( . 0 7 ) 1 6 6 .9 6 l 6 . 6 l ( . 1 5 )
6 8 .4 3 9 - 8 3 ( . l 6 > 8 6 5 .9 4 1 1 . 6 7 ( . 0 7 ) 1 6 7 .1 4 1 6 .9 0 ( . 3 0 )
6 8 .5 1 9 - 3 7 ( - l 5 ) 6 6 .2 1 1 1 . 7 1 ( • 0 6 ) 1 6 7 .8 2 l6.6o( . 2 5 )
66 .45 1 1 . 7 7 ( . l 4 ) 1
- 6 6 . 6 1 1 . 7 8 ( . 3 5 ) 9
6 7 .0 7 1 1 . 6 2 ( . 1 4 ) 1
6 7 .8 4 1 1 . 5 0 ( . 0 4 )
6 9 .0 9 1 1 . 8 9 ( . 1 0 ) 6
9 6 0  MHz 6 3 5  MHz
- 6 4 .2 2 0 . 1  ( 1 . ) 2 - 6 4 .2 2 6 . 8  ( 1 . 5 ) 2
6 6 .4 8 2 0 . 8 9 ( . 3 2 ) 6 6 .0 8 2 7 .0 4
6 6 .7 1 2 0 . 9 2 ( . 2 5 ) 6 6 .5 8 2 7 .1 9
6 7 .8 4 2 1 . 0 5 ( . 2 0 ) 6 6 .7 4 2 7 .5 7
6 6 .9 6 2 7 .8 7
6 7 .1 4 2 7 .4 0
6 8 .1 4 2 7 .3 3
B -  v i i i
Date s Ref Date s Ref Date s Ref
0 6 2 4 - 0 5
V *
5000 MHz 2 6 5 0  MHz l 4 l 0  MHz
- 6 4 . 2 6 . 8 2 - 6 5 . 1 1 3 . 2  ( 1 . 3 ) 4 - 6 3 . 3 l 8 . 8 8 ( . 3 1 ) 9
6 5 .9 7 6 . 8 7 ( .0 2 ) 1 6 5 .5 7 1 1 . 7 4 ( . 1 2 ) 1 - 6 4 . 2 1 8 . 8  ( l . o ) 2
6 6 . 4 4 7 . 0 1 ( .06 ) 1 6 5 .7 6 1 1 . 3 5 1 - 6 5 . 2 5 1 9 . 2 5 ( . 2 2 ) 11
6 7 .4 5 7 - 1 5 ( . 1 6 ) 1 65 .9 3 1 1 . 4 3 1 6 6 . 3 3 l 8 . 0 7 ( . 4 5 )
68 .5 1 6 . 4 8 ( . 0 7 ) 6 6 .2 1 H . 5 1 1 6 6 .5 9 1 7 .62  C. 8 )
6 8 .5 3 6 . 7 5 ( . 1 0 ) 6 66 .4 5 1 1 , 5 2 1 6 6 .7 5 l 8 . 2 6 ( . 1 5 )
6 8 .6 0 6 . 5 4 ( .0 7 ) —6 6 .6 1 1 . 5 5 ( . 1 3 ) 9 6 6 .9 7 1 8 . 5 l ( . 4 5 )
6 7 .0 7 1 1 . 5 7 1 6 7 . 1 4 l 8 . 2 9 ( . 1 2 )
6 7 .8 4 1 1 . 4 7 ( . 1 0 ) 6 7 .6 0 l 8 . 2 6 ( . 2 2 )
6 8 . 1 4 l 8 . 1 0 ( . 2 2 )
9 6 0  MHz 6 3 5  MHz
- 6 4 . 2 2 3 . 3  ( 1 . 5 ) 2 - 6 4 . 2 3 1 . 9  ( 1 . 5 ) 2
66 .7 1 2 3 . 5 M . 3 2 ) 6 6 .0 3 1 . 3 9 ( . 4 ) 1 3
6 7 . 8 4 2 3 - 5 7 ( . 3 2 ) 6 6 . 3 3 3 l . 4 8 ( . 7 )
6 6 . 5 9 3 l . 7 l ( . 5 )
6 6 .7 5 3 1 . 3 4 ( . 3 )
6 6 .9 7 3 1 . 5  ( - 5 )
6 7 . 1 4 3 0 . 7 7 ( . 3 )
6 8 . 1 4 3 1 . 6  ( . 3 )
0637-75
V
5000 MHz 2 6 5 0  MHz 1 4 1 0  MHz
- 6 4 . 2 4 . 8  ( . 5 ) 2 - 6 4 . 0 4 . 9  ( . 5 ) 3 - 6 4 . 0 6 . 7 3
6 5 .9 7 5 - 2 5 ( . 0 8 ) 1 —6 5 .1 4 . 5  ( . 4 ) 4 6 6 .9 7 5 . 1 0 ( . 1 5 )
6 6 . 4 2 5 . 2 8 ( . 1 0 ) 1 65 .7 5 4 . 4 6 ( . 0 4 ) 1
6 6 . 9 4 5 . 4 o ( . 1 1 ) 1 6 5 .9 4 4 . 5 2 ( . 0 4 ) 1
68 .5 1 5 . 2 3 ( . 1 5 ) 6 6 6 . 4 4 4 . 7 5 ( . 0 7 ) 1
6 7 .0 7 5 . 0 9 ( . 1 0 ) 1
9 6 0  MHz 6 3 5  MHz
6 6 . 4 8 5 . 2 9 ( . 1 3 ) 6 6 .9 7 6 . 2 0 ( . 2 0 )
6 7 .8 4 5 . 3 6 ( . 1 3 )
0 7 3 5 + 1 7
V *
5000 MHz 2 6 5 0  MHz 1 4 1 0  MHz
- 6 4 . 2 2 . 1  ( . 2 ) 2 - 6 4 . 5 2 . 0  ( . 2 ) 3 - 6 5 . 2 5 2 . 5 3 ( . 1 2 ) 11
6 6 .9 8 1 . 4 7 ( . 1 9 ) 1 - 6 5 . 1 2 . 1  ( . 2 ) 4 6 7 . 1 4 1 • 9 9 ( - 12)
6 8 .5 0 1 . 9 1 ( . 2 0 ) 6 6 5 .9 3 l - 9 9 ( -0 4 ) 1 6 8 . 1 4 2 . 0 4 ( . 1 2 )
6 8 .5 9 2 . 0 5 ( . 0 6 ) 6 6 . 8 l - 9 9 ( -0 5 ) 9
B - ix
Date s Ref Date s Ref Date S Ref
V *
0 7 3 5 + 1 7 5 c o n tin u ed
960 MHz 635 MHz
67.82 2 . l 8 ( . l 4 ) 6 7 .1 4 2 . 0 8 ( .12 )
6 8 .1 4 1 . 8 2 ( . 1 2  )
0736-101 V *
5000 MHz 2650  MHz 1410  MHz
- 6 4 .2 1 . 6  ( . 1 ) 2 - 6 4 .5 2 . 0  ( . 2 ) 3 -6 5 .2 5 2. V 7 ( . 0 7 ) 11
68.50 1 . 9 2 ( . 1 2  ) 6 - 6 5 . 1 1 . 8  ( . 2 ) 4 6 6 .7 4 2 . 3 0 ( . l 4 )
68.60 2 . 0 6 ( .06) 66 .8 2 . 1 3 ( . 0 4 ) 9
6 8 .0 4 2 . l 8 ( .08 ) 5
68.93.5 2 . 6 o( .05 ) 7
69.055 2 . 2 7 ( . 0 4 ) 7
69.071 2 . l 8 ( . 0 4 ) 7
960 MHz
66.73 2 . 4 3 ( .08)
0838+13 (V)
5000 MHz 2650  MHz 1410  MHz
- 6 7 . 0 l + 5 ( . 0 7 ) 9 - 6 4 .5 1 . 8  ( . 2 ) 3 - 6 5 .4 2 . 6 7 ( .07 ) 9
68.50 1 . 2 6 ( . 0 5 ) 6 - 6 5 . 1 1 . 8  ( . 2 ) 4 - 6 5 .2 5 2 . 5 9 ( . o 8 ) 11
68.60 1 . 3 4 ( . o6 ) 65.75 1 . 7 5 ( . 0 5 ) 1 6 6 .3 3 2 . 6 9 ( . 1 7 )
65.94 1 . 8 3 ( .0 5 ) 1
- 6 6 . 6 1 . 8 6 ( . 0 4 ) 9
67.84 l . 8 8 ( .05 )
960  MHz
6 7 .8 4 3 . 3 5 ( . l ^ )
V *
1055+01
5000 MHz 2650  MHz 1410  MHz
- 6 4 .2 3 . 6  ( . 2 ) 2 - 6 4 .5 3. 5  ( . 2 ) 3 - 6 5 .2 5 3 . 8 8 ( . 1 0 ) 11
65.97 3 . 7 0 ( . 27) 1 - 6 5 . 1 3 .5  ( . 2 ) 4 6 6 .3 3 3 . 4 6 ( .13 )
6 6 .4 2 2 . 9 6 ( . l 8 ) 1 65.97 3 . 3 7 ( . 1 9 ) 1 6 7 .1 4 3 . 0 9 ( , 1 3 )
6 6 .9 4 3 . 2 9 ( . l 8 ) 1 66 .18 3 . 31+ ( . l 8 ) 1 6 8 .1 4 3 . 2 5 ( . 1 3 )
67.38 3 . 3 6 ( . l 8 ) 1 6 6 .4 4 3 . 2 9 ( . 30) 1
6 8 .5 4 3 . 0 7 ( . 0 6 ) 6 6 .4 9 3 . 5*+( -0 7 ) 9
68.50 3 . 0 3 ( .18 ) 6 6 6 .5 4 3 . l 8 ( .06 ) 9
66 .77 3 . 0 2 ( . 0 6 ) 9
67.75 3 . 1 0 ( .31 )
B - x
D ate S Ref Date S Ref Date S Ref
1055+01^
r -x-
, co n tin u ed
5000 MHz 2650 MHz 1410 MHz
68.04 2.89(.10) 6
68.94 3 .04 (.05) 7
69.07 2.87(.07) 7
960 MHz 635 MHz 467 MHz
66.48 3 .66 (.12) 66.33 4 .44 (.15) 67.45 4 .15 (.15)
66.71 3.57(.12) 67.14 4 .05 (.15) 67.60 3.68(.25)
68.14 3.87(.15)
1127-14*
5000 MHz 2650 MHz 1410 MHz
65.99 5 .9 8 (.l4 ) 1 -65.0 6.5 ( .5 ) 3 66.96 6.34(.20)
66.41 6 .3 8 (.l4 ) 1 -65.1 6.8 ( .4 ) 4 67.14 6 .4 6 (.l4 )
66.94 6 .4 9 (.i 8) 1 65.94 6.48(.04) 1 68.14 6 .06 (.20)
68.34 7.25(.12) 66.21 6 .44 (.07) 1
68.55 7 .15 (.30) 6 66.52 6 .6 0 (.07) 1
(66.6) 6 .7 l ( .07) 9
67.07 6.64(.06) 1
67.84 6.69(.07)
960 MHz 635 MHz
67.82 6 .19 (.15) 66.96 (5.73)
67.14 5.45(.15)
68.14 5.19(.20)
1148-00
5000 MHz 2650 MHz 1410 MHz
65.97 1 .8 2 (.17) 1 -64.5 2.6 (.3)- 3 68.14 3 * o 8 ( .12)
68.34 1 •95(.04) -65.1 2.6 ( .2) 4
68.50 1 .2 6 (.43) 6 65.93 2 .6 9 (.o6) 1
68.61 1.95(.05) 7 66.18 2 .7 7 (.06) 1
-66.6 2.66(.04) 9
68.94 2 .54(.05) 7
66.48
6 7 . 8 3
960 MHz
3o20(.12)
3.1M .35)
B - x i
Date S Ref Date s Ref Date S Ref
1226+02 V  *
5000 MHz 2650 MHz 1410 MHz
65.IO 40.7 (3 .2 ) 2 -64 .2 39.2 (1 . 1 ) 2 6 l.O 37.3 (.40 10
65.47 39.4 ( . 8 ) 9 64.69 38.0 (2 .5 ) 9 62.72 39.1 ( . 4 ) 10
65.97 37.6 ( .3) 1 64.98 36.5 (1 .5 ) 14 62.83 38.9 ( . 4 ) 10
66.08 38.2 ( . 6 ) 9 65.56 42.7 ( «3) 1 63 .18 39.1 ( . 4 ) 10
66.41 38.9 ( . 6 ) 1 65.61 4 l . l (1 . 1 ) 9 63.42 4o.o ( . 4 ) 10
66.93 40.2 ( . 4) 1 65.84 42.2 ( -3) 1 63.68 40.9 ( . 4 ) 10
67.28 44.2 ( . 6 ) 9 65.93 42.7 ( .2 ) 1 -64 .2 39.6 (2.0) 2
67.36 44.0 ( . 7) 1 66.21 43.2 ( .3 ) 1 -65.25 43.0 ( . 8 ) 11
67.57 40.3 ( . 9) 9 66.44 43.2 ( .3 ) 1 66.05 44.8 ( . 4 ) 10
67.91 37.8 ( . 7) 9 66.46 43.3 ( -7) 9 66.33 43.2 ( . 8 )
68.35 39.4 (1 .0 ) 15 67.07 42.8 ( . 4 ) 1 66.58 43.2 ( -9)
68.60 39.0 ( . 6 ) 67.28 43.6 ( -7) 9 66.73 41.9 ( -9)
68.60 38.9 ( . 8 ) 7 67.83 43.1 ( . 4 ) 66.95 42.7 (1.4)
68.94 43.6 ( . 4 ) 7 67.20 44.1 ( . 4 ) 10
67.82 46.4 (2.0)
6 8 .00 47.2 ( . 4 ) 10
68.14 43.9 ( -9)
960 MHz 635 MHz
-64 .2 42.9 (2 .1 > 2 -64 .2 52.1 (2.5) 2
66.48 4 6 .1 0 (.7 ) 66.33 52.8 ( . 7 )
66.71 45.8 ( . 7) 66.58 51 .8 ( . 8 )
67.83 48.1 ( . 7) 66.73 52.4 (1 .0 )
66.95 50.9 ( . 8 )
68.14 51.9 ( -7)
1229-02
000L
P\ MHz 2650 MHz O1—1
-it*
iH MHz
68.34 0 .97(-04) -6 5 .0 1.5 ( . 2 ) 3 67.14 i . 9 0 ( . l o )
68.50 1 .1 9 (.1 0 ) 6 -6 5 .1 1 .6 ( . 2 ) 4
68.61 1 .0 5 ( .05) 7 —66 .6 1 .4 2 ( .04) 9
68.94 1 .3 2 ( .04) 7
960 MHz 635 MHz
66.71 2 .6 6 ( .l4 ) 67.14 3.08 ( . 1 5 )
B - x i i
Date s Ref Date S Ref Date S Ref
1253-05
v *
5000 MHz 2650  MHz 1410  MHz
65. IO 15 .5  ( 1 . 5 ) 2 - 6 4 .2 1 3 .0  ( . 2 ) 9 - 6 5 .4 8 . 6 7 ( .21) 9
65.22 1 6 .9  ( 1 . 7 ) 10 65 .57 1 2 .9  ( . 2 ) 1 - 6 4 .2 8.05 2
6 5 .4 9 1 3 .9  ( 1 . 0 ) 9 65 .7 1 3 .0  ( . 1 7 ) 9 -6 5 .2 5 1 0 . 5 2 ( .28) 11
65.66 1 4 .5  (1 . 4 ) 10 65.93 1 2 , 5 0 ( .07 ) 1 6 6 .5 2 1 0 . 6 6 ( .08) l
65 .97 1 2 . 7 2 ( . 1 1 ) 1 66.21 1 2 . 5 3 ( .09 ) 1 66 .57 1 1 . 8 6 ( .5 ) l
66 .09 1 2 . 9 2 ( . 3l ) 9 6 6 .4 5 1 2 . 4l ( .15  ) 1 6 6 .7 4 1 0 . 8 l  ( .  4 ) 1
6 6 .4 1 1 3 . 1 2 ( . 2 3 ) 1 67 .07 1 2 , 4 2 ( .160 1 66.92 1 0 .9  ( . 4 ) 1
66.95 1 5 .7  ( . 8 ) 10 67 .29 1 2 . 4 6 ( . 2 4 ) 9 6 7 .1 4 1 0 .7  ( . 2 >
6 6 .9 5 1 4 .6  ( . 2 ) l 6 7 .4 1 2 . 5 3 ( . 3 3 ) 9 67.82 1 0 .9  ( . 4 )
67 .20 15 .6  ( . 3 ) 9 6 7 .8 4 1 2 . 6 3 ( . 1 7 ) 6 8 .1 4 1 0 .3  ( . 3 )
67 .56 1 5 . 1 9 ( . 2 6 ) 1 6 8 .6 4 1 3 -7 1 ( . 3 ) 6
6 7 .4 2 1 5 .6  ( l . l ) 10
67.93 1 5 . 8  ( . 3 ) 9
6 8 .5 4 l 6 . l o ( .25 )
68 .37 1 6 . 9  ( . 6 ) 15
960 MHz 655 MHz
- 6 4 .2 8 .68 2 - 6 4 .2 10 .5  ( . 5 ) 2
6 6 .4 8 1 0 . 3 2 ( .19 ) 66 .00 10 .3  ( . 4 )
66.71 1 0 . 3 8 ( . 1 3 ) 6 6 .5 2 1 0 . 9 2 ( . 1 5 )
67.83 1 0 . 6 2 ( .19 ) 66 .57 1 0 . 4 8 ( . 2 0 )
6 6 .7 4 1 2 , l 8 ( .5 0 )
66.92 n . 2 7 ( . 2 0 )
6 7 .1 4 1 0 . 9 3 ( . 1 5 )
6 8 .1 4 1 1 .4  ( . 2 )
1525-61 V
5000 MHz 2650  MHz
65.97 5 . 6 6 ( .22 ) 1 65.65 6.24(.o6) 1
6 6 .4 2 5 . l 8 ( .18) 1 66.21 6 . 2 7 ( .06 ) 1
66.95 3 . ^ 5 ( . 2 2 ) 1 6 6 .4 4 6 . 3 2 ( . l l ) 1
67 .56 3 . l 6 ( . 4 ) 1 67 .08 6 . 2 7 ( .16 ) 1
68.50 2 . 9 0 ( . 1 5 ) 6
B - xiii
D ate S Ref D ate S Ref Date S Ref
1510-08 v *
5000 MHz 2650  MHz l 4l 0 MHz
6 6 .9 4 2 . 7 5 ( . l 6 ) 1 - 6 4 .2 3 . 3 2 ( .25 ) 2 - 6 4 .2 2 . 7 3 ( . 2 ) 2
67 .36 3 . 0 7 ( .30 ) 1 —65.O 3 .0  ( . 3 ) 3 - 6 5 .2 5 3 . 9 5 ( -1 1 ) 11
6 8 .3 4 3 . 2 2 ( .06) - 6 5 . 1 3 .3  ( . 2 ) . 4 6 6 .3 3 3 . 2 2 ( .10)
68 .50 3 . 2 5 ( . 1 8 ) 6 6 5 . 9 3 2 . 9 0 ( . 0 3 ) 1 6 7 .1 4 3 . 0 0 ( . 2 5 )
68 .57 3 . 5 9 ( . l 8 ) 6 66.18 2 . 9 0 ( . 0 3 ) 1 6 8 .1 4 3 . 7 M . 2 5 )
6 6 .4 4 2 . 7 8 ( . 0 3 ) 1
66.5 2 . 8 l ( .05) 9
6 8 .0 4 3 -9l ( . 0 8 ) 5
6 8 .9 4 3 . 0 3 ( .05 ) 7
96O MHz 635 MHz
- 6 4 .2 2 . 8  ( . 2 ) 2 - 6 4 .2 2 . 9 3 ( . 2 ) 2
66.71 3 . o4 ( .16 ) 6 6 .3 3 3 . 4 7 ( . 2 0 )
6 7 .1 4 3 . 0 l ( .16 )
6 8 .1 4 3 . l 4 ( .18 )
1730-13
v  *
5000  MHz 2650  MHz
6 6 .9 4 4 . 6 3 ( .15 ) 1 65 .0 4 .7  ( . 4 ) 3
67 .36 4 . 3 8 ( . l 3 ) 1 —65.1 5 .2  ( . 3 ) 4
68.52 4 . 2 2 ( .10) 65 .7 4 . 6l ( .05 ) 9
68.50 3 . 8 0 ( .20 ) 6 66.5 4 . 8l ( .05 ) 9
68 .59 3 . 9 7 ( . 1 0 ) 6 7 .1 4 4 . 8 3 ( .07) 1
1831-21 V *
5000 MHz
6 6 .4 1 8 . 8 6 ( .10 ) 1
6 7 .4 0 8 . 1 7 ( . 3 5 ) 1
68.50 8 . 3 6 ( . 4 ) 6
1934-63 (V)
5000 MHz 2650  MHz 1410  MHz
65.10 5 -3 3 ( -70) 2 - 6 4 .0 11 .6  ( 1 . 0 ) 3 - 6 4 .2 1 5 .4  ( 1 . 0 ) 2
65 .98 6 . 0 0 ( . l 4 ) 1 - 6 4 .2 1 1 .7  ( . 7 ) 2 6 6 .3 3 1 5 -3 7 ( . 4 5 ) 1
66.50 5 -7 2 ( . 1 0 ) 1 - 6 5 . 1 1 1 .6  ( 1 . 1 ) 4 66 .58 1 5 . 4 5 ( . 1 5 ) 1
6 6 .9 4 6 . 0 4 ( .17) 1 65.56 1 1 . 5 6 ( .07 ) 1 6 6 .7 4 15-4o ( .35) 1
67.36 6 . 3 4 ( . l 8 ) 1 65.75 1 1 . 53 ( •0 8 ) 1 66.96 1 5 - 5 4 ( . 4o ) 1
B - x iv
Date S Ref
1934.63 co n tin u ed
5000 MHz
68.54 6 .6 5 ( .2 0 )
68 .59 6 .3 1 ( •2 0 )
- 6 4 .2
960 MHz
1 4 .3  ( . 7 ) 2
66 .48 l 4 . 2 0 ( .21 )
66 .71 1 4 .30( .21 )
67 .84 1 4 . 5 l ( .21 )
2115-30'V
6 7 .30
5000 MHz 
1 . 3 9 ( .2 0 ) 1
68.52 0.89(.o4/)
68.50 0.84(.o8) 6
68.60 0.83 ( . 04)
66 .48
96O MHz 
3 . 1 3 ( .1 0 )
66.71 3 .0 1 ( .14)
2128-12
23^5+06 V *
5000 MHz
■64.2 4.8 ( .6 ) 2
66.41 4.79(.05) 1
67.38 4.96(.10) 1
68.34 4 .6 o (.07)
68.50 4 .9 3 (.26) 6
68.60 4 .55(.07)
D ate S Ref
2650 MHz
65.94 11.4o(.06) 1
66 .21 1 1 .67( . 08 ) 1
66.45 1 1 .70(.07) 1
67.07 11.47(.13) 1
67.84 1 1 .1 3 ( .l l)
635 MHz
66.33 1 0 .72(.20)
66.58 10.25(.20)
66.74 10.40(.20)
68.14 io .o o ( .5)
2650 MHz
-64.8 1 .5  ( . 2 ) 3
-65.1 1 .4  ( . 2 ) 4
67 .75 1 .5 M .0 5 )
68 .04 1 . 4 4 ( .0 6 ) 5
2650 MHz
6 5 .0 2 .0  ( . 2 ) 3
■65.1 2 .0  ( . 2 ) 4
66 .47 1 , 9 9 ( . o4) 1
6 6 .6 2 .0 3 ( .0 4 ) 9
67 .85 l . 9 7 ( . 0 4 )
68 .04 2 . 0 4 ( .04 )
65 .84
2650 MHz 
3 .5 6 ( .0 6 ) 1
66 .44 3 . 6 6 ( . o4) 1
6 6 .6 3 .6 2 ( .1 3 ) 9
67 .07 3 - 53( .06 ) 1
67 .84 3 . 6 7 ( . o6 )
Date
68.14
-6 5 .2 5
66.33
66.74
-64.2
-65.25
66.74
S Ref
l 4 l 0  MHz 
1 5 . 2 l ( .5 0 )
1410 MHz
2 .59(.09) 11
2 .4 9 ( .1 0 )
2 . 4 9 ( .1 0 )
l 4 l 0  MHz
2 . 7  ( . 2 ) 2
2 .9 l ( .09)
2 . 9 7 ( .1 0 )
B - xv
Date s Ref Date s Ref Date
2145+06 V  * , co n tin u ed
96O MHz
66.71 2 .9 3 (.l4 )
67.83 2.90(.10)
2203-18 (V)
5000 MHz 2650 MHz
67.38 4 .6o( .30) 1 ~65.0 ^.9 ( .2) 3 ~65.25
68.34 4 .05(.05) -65.1 5.2 ( .2) 4 66.33
68.58 4.32(.15) 6 66.44 5 .26 (.07) 1
~66.6 5.36(.06) 9
67.93 5 .l6 ( .05) 1
960 MHz 635 MHz
66.48 6.65(.14) 66.33 78.2 (.18)
2204-54 V
5000 MHz
67.36 2 .39(.22) 1 66.33
68.60 2 .8 2 ( .06) 66.59
68.62 2 .92(.09) 6 66.74
67.82
68.14
960 MHz 635 MHz
66.48 2 .2 7 ( .o8) 66.33 2 .3 0 (.15)
67.84 2 .57(.12) 66.59 2.3M -13)
66.74 2 .1 7 (.10)
68.14 2 .45(.13)
2209+08
5000 MHz 2650 MHz
68.50 1 .17(.06) 6 -65.0 1.4 ( .2) 3 -65.25
68.52 1 .15(.04) ~65.1 1.5 ( . 2) 4 67.84
68.56 l . l 8 ( .06) 6 66.47 1 .5K .03) 1
68.04 1 .^ 9 (.03)
S Ref
1410 MHz
6.17(.4o) 11 
6.05(.20)
l4 l0  MHz
2.39(.13) 
2 .55(.13) 
2 . 42( . 0 9 ) 
2 .74(.13) 
2 .7 9 (.l6 )
l4 l0  MHz
1.85(.07) 11 
1 .9 9 (.l6 )
66.48
66.72
960 MHz
2.36(.13)
2 .39(.13)
B - x v i
D ate S R ef D ate S Ref D ate S R ef
2 2 1 6 - 0 3
5 0 0 0  MHz 2650 MHz 1 4 1 0  MHz
6 8 .5 5 1 . 2 4 ( . 0 4 ) - 6 5 . 0 1 . 0  ( . 1 ) 3 6 6 .5 8 1 . 0 2 ( . 0 5 ) 1
6 8 .5 0 1 . 3 8 ( . 0 8 ) 6 —6 5 .1 1 . 1  ( . 1 ) 4 6 8 . 9 4 0 . 9 M . 0 5 ) 1
- 6 6 . 6 1 . 0 4 ( . 0 4 ) 9
6 6 .4 5 1 . 0 6 ( . 0 4 ) 1
6 8 . 0 4 1 . 1 1 ( . 0 4 )
68 .9 2 1 . 0 7 ( . 0 4 ) 6
2 2 2 3 - 0 5
V *
5 0 0 0  MHz 2650 MHz 1 4 1 0  MHz
6 6 . 9 4 3 . 6 6 ( . l 8 ) 1 - 6 5 . 0 4 . 4  ( . 3 ) 3 —6 3 .3 5 . 9 7 ( . l l ) 9
6 7 . 5 8 3 . 6 o ( . 2 0 ) 1 - 6 5 . 1 4 . 9  ( . 2 ) 4 - 6 5 . 2 5 5 . 8 5 ( . 0 9 ) 11
6 8 . 3 4 4 . l 8 ( . 0 6 ) 6 5 .5 6 4 . 5 6 ( . 0 6 ) 1 6 6 .7 3 6 . 1 1 ( . 1 4 )
6 8 . 5 8 4 . 6 l ( . 1 0 ) 6 6 5 . 7 4 . 6 4 ( . 0 7 ) 9
6 8 .6 0 4 . 5 0 ( . 0 6 ) 6 5 . 7 5 4 . 6 6 ( . 0 6 ) 1
6 5 . 9 4 4 . 5 6 ( . 0 6 ) 1
6 6 . 4 5 4 . 5 7 ( . 0 6 ) 1
- 6 6 . 6 4 . 4 7 ( . 0 7 ) 9
6 7 .0 7 4 . 5 1 ( . 0 4 ) 1
6 7 . 8 4 4 . 8 8 ( . 0 6 )
6 8 . 0 4 4 . 9 l ( . l 6 ) 5
6 8 .9 4 4 . 8 8 ( . 0 7 ) 6
9 5 0  MHz 6 3 5  MHz
6 6 . 4 8 7 . 6 l ( . 1 8 ) 6 6 .7 3 9 - 9 7 ( . 2 0 )
6 6 .7 1 7 . 7 0 ( . 0 6 )
6 7 . 8 4 7 . 7 M . 1 8 )
2230+11 V *
5000 MHz 2 6 5 0  MHz 1 4 1 0  MHz
- 6 4 . 2 4 . 1  ( . 2 ) 2 - 6 4 . 2 5 . 2 3 ( . 2 0 ) 2 - 6 4 . 2 6 . 9 3 ( . 3 ) 2
6 6 . 4 1 3 . 9 0 ( . 2 2 ) 6 5 .5 7 5 - 3 S ( . 2 0 ) 1 6 6 .5 8 6 . 7 2 ( . 1 5 )
6 7 .3 6 3  - 7 5 (-  2 2 ) 6 5 .7 6 5 - 3 9 ( . o 8 ) 1 6 6 .6 6 . 7 8 ( . 1 3 ) 11
6 8 . 3 4 3 . 4 l ( . 0 6 ) 6 5 .9 3 5 - 3 3 ( . 4 ) 1 6 6 .7 4 6 . 7 0 ( . l 8 )
6 8 .5 2 3 . 4 8 ( . 0 6 ) - 6 6 . 6 5 . 1 5 ( . 0 6 ) 9 6 7 . 1 4 6 . 5 5 ( . 2 2 )
6 8 . 5 4 3 . 5 3 ( . 0 6 ) 6 6 .7 8 5 . l 6 ( . 1 5 ) 1 67 .8 2 7 . 0 5 ( . 2 2 )
6 8 .6 0 3 . 5 l ( . 0 6 ) 6 7 .0 7 5 - 3 5 ( . 3 0 ) 1 6 8 . 1 4 6 . 7 5 ( . 2 2 )
6 8 .5 0 3 . 6 6 ( . 2 5 ) 6 6 7 . 8 4 5 - 3 0 ( . 2 0 )
6 8 .9 4 4 . 9 5 ( . 2 0 ) 6
B x v ii
Date S Ref
V *2230+11 , continued
960 MHz
- 64.2 7 . 45( . 25) 2
66.48 7 .55( .10)
66.71 7 .6 6 (.16)
67.84 7. 42( . 15)
2252+H V
5000 MHz
- 64.2 1.9  ( .1 ) 2
68.51 0 . 99( . 04)
68.53 i .2 6 (.06) 6
68.60 1 .11( . 04)
960 MHz
66.48 0.91(•12) 
V *2251+15
5000 MHz
65.10 13.3 (1 .1) 2
65.56 11.4 (1 .0 ) 9
65.89 12.5 (.22) 1
66.08 12.1 ( . 4 ) 9
66.36 13.4 ( .3 ) 1
66.81 17.7 (1 .1) 10
66.89 16.7 ( .3 )
66.99 16.7 (1 .1) 9
66.99 16.3 (1.19 10
67. IT 16.3 (1 .8) 10
67.23 19.8 ( . '.4 ) 9
67.36 21.0 ( .4 )
67A7 20.0 (2 .0) 10
67.54 20.0 ( .9) 10
67.95 21.8 ( . 4 ) 9
68.34 23.2 ( . 4 )
68.34 22.4 ( . 4 ) 8
68.39 22.0 ( .3 ) 8
68.44 22.6 ( .3) 8
68.51 23.0 ( . 4 )
68.59 22.6 ( . 4 )
Date s
635 MHz
66.58 7.91 (.20)
66.74 7.8o(.20)
67.14 7.88(.20)
68.14 7 - 35(.20)
2650 MHz
- 65.1 1.1 ( . 2)  4
65.94 1 . 84( . 04) 1
66.21 l.lT (.O T ) 1
635 MHz
66.33 1 . 43( -13)
2650 MHz
-65 .0  10.0 3
-65.1  10.0 4
65.57 10.55(.10) 1
65.7 10.52 9
65.76 10.67(.08) 1
65.93 10.51(.20) 1
66.45 10.91(.15) 1
66.5 H .1 9  9
67.07 11.96(.14) 1
67.4 12.50 9
67.48 13.0 ( . 4 ) 10
67.51 12.5 10
67.58 12.5 10
67.63 12.6 10
67.71 13.0 10
67.74 12.9 10
67.80 13.2 10
67.84 14.4 ( .2)
67.85 13.6 10
68.04 14.3 ( . 4 ) 5
68.12 15.8 ( . 4 ) 6
68.27 15.1 ( . 4 )
69.10 19.3 (1 .0)
Date S Ref
l 4l 0 MHz
66.33 1 .04( .10)
62.8
1410 MHz
12.4 ( .3) 9
62.9 11.9 ( .3) 9
63.2 12.0 ( . 3) 9
63.8 12.1 ( .2) -9
- 64.2 11.3 ( .6) 2
66.1 10.8 ( .2) 9
66.57 11.6o(.18)
66.74 11.46(.16)
67.14 11. 53( . 4o )
67.2 10.8 ( . 3) 9
67.76 11.6 ( .6) 10
67.82 11-9 ( - 3 )
68.0 11.6 ( .3) 9
68.14 12.1 ( .3)
6
B - x v i i i
Date s Ref Date s Ref Date s
V *2251+15 > continued.
960  MHz 635 MHz
- 6 4 .2
6 6 .4 8
6 6 .7 1
67.83
1 2 . 0 5 ( . 6 ) 
1 2 . 7 8 ( .10 )  
1 2 . 8 6 ( .1 6 )  
1 2 .9 5 ( . 1 6 )
2 - 6 4 .2
66 .57
66 .74
67 .14
6 8 .1 4
1 3 .6  ( . 7 )  
1 4 .4  ( . 2 )  
1 4 . 1 7 ( .2 0 )  
1 4 .2  ( . 3 ) 
1 4 .8  ( . 3 )
2
2328+10
5000 MHz 2650  MHz
6 7 .3 7
68.50
68.52
0 .8 5 ( .1 0 )  
0 . 9 3 ( . 0 4 ) 
0 . 9 6 ( . 0 4 )
6
- 6 5 .0
- 6 5 .1
6 5 .7 8
6 6 .4 6
—6 6 .6
0 .9  ( . i ) >  
0 . 9  ( . 1 )
0 . 9 9 ( . 0 4 ) 
1 . 0 7 ( . 0 4 ) 
1 . 0 6 ( . 0 4 )
3
4
9
2345 - 161V
5000 MHz 2650  MHz 1410  MHz
68.54
68.56
68.60
3 . 6 6 ( . 0 7 ) 
3 .6 2 ( .2 0 )  
3 . 4 6 ( .07 )
- 6 5 .0
- 6 5 .1
66 .3
6 7 .5
67.85
1 .3  ( . 1 )
1 . 4  ( . 1 )
1 . 8 l ( .0 5 )  
3 . l 4 ( . 0 5 ) 
3 . 0 5 ( . 0 5 )
3
4
9
66 .58  
67.83
6 8 .1 4
1 .2 2 ( .12 ) 
1 . 7 7 ( •1 2 ) 
2 .0 1 ( . l8  )
960 MHz 635 MHz
6 6 .4 8
66.71
67.84
0 . 8 j ( . 1 3 ) 
l . l l ( . 1 3 ) 
1 . 0 6 ( . 1 3 )
66 .58
6 8 .1 4
1 . 7 3 ( . 2 0 )
( < . 4 7 )
2354-11
5000 MHz 2650  MHz l 4 l 0 MHz
68.52
68 .58
1 . 4 3 ( . 0 4 ) 
1 . 5 0 ( . 0 6 ) 6
-65 .O
- 6 5 .1
6 6 .6
67 .84
1 .7  ( - D  
2 .1  ( .1 5 )
1 . 8 8 ( . 0 4 ) 
1 . 7 6 ( . 0 4 )
3
4
9
66 .58 2 . 0 4 ( .12  )
960 MHz 635 MHz
6 6 .4 8
66.71
2 . 3 6 ( . l 4 )
2 . 2 7 ( .1 0 )
66 .58 2 . 9 0 ( . 1 5 )
Ref
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APPENDIX C
C o n tr ib u tio n  o f  a N on-therm al Continuum to  th e  
C olour In d ic e s  o f  Radio G alax ies
I f  th e  observed  v i s u a l  m agnitude o f  a QSO i s  c lo se  to  t h a t  
e x p e c te d  o f  a ra d io  g a lax y  a t  th e  same r e d s h i f t ,  i t  may be p o s s ib le  to  
d e c id e  from  th e  observed  c o lo u rs  w hether o r  no t th e r e  i s  an u n d e r ly in g  
g a lax y .
The c lo s e s t  QSO to  th e  Hubble r e l a t i o n  (F ig u re  7*1) i s
3C277.1 w ith  z = .320 , Vc = 1 7 .9 3 , U-B = - . 78 , B-V = - . 1 7 .  An
u n d e r ly in g  g a lax y  ought to  have V = l ö ^ l  w ith in  abou t I?65, w ith  a
most p ro b ab le  n o n -th e rm al c o n t r ib u t io n  o f  ~ 6 0 a t  ~ 4600
F ig u re  C .l  shows th e  energ y  d i s t r i b u t i o n  o f  M31 betw een 3000 
o
and 5500 A, as  w e ll as  th e  energ y  d i s t r i b u t i o n s  r e s u l t i n g  from th e
o
a d d i t io n  o f  d i f f e r e n t  f r a c t io n s  ( a t  5500 A e m itte d  w av elen g th ) o f  
S an d ag e 's  'com prom ise co m p o site ' spectrum  f o r  QSOs (Sandage, 1 9 6 6 ).
U-B and B-V have been c a lc u la te d  from th e  fo rm ulae g iven  by Sandage 
( 1966 ), f o r  th e  v a r io u s  en e rg y  d i s t r i b u t i o n s .
For 3C277.1, th e  c a lc u la te d  c o lo u r  in d ic e s  a re  U-B = - . 58 , 
B-V = +.32 i f  th e  u n d e r ly in g  g a lax y  has -  l 8 . 4 l .  I f  th e  g a lax y
i s  ^65 f a i n t e r ,  U-B = - .6 0 ,  B-V = + .1 5 . A ll th e s e  c o lo u r  in d ic e s
a re  o n ly  s l i g h t l y  re d d e r  th a n  th e  v a lu e s  ex p ec ted  o f  QSOs, f o r  z ~  .3 . 
(See f ig u r e  o f  Sandage (1 9 6 6 ). )
The spectrum  'M31 + .24Q ' in  F ig u re  C .l has been  shown by 
Sandage ( p r iv a t e  com m unication) to  f i t  th e  scan n e r o b s e rv a tio n s  o f  th e
N g a lax y  3C371•
C - ii
These results show that the non-thermal 'QSO' must 
contribute ^ 60°/o to the V-magnitude of an underlying galaxy if the 
latter is to appreciably redden the QßO colours. All QSOs are at 
least ^65 brighter than the faintest galaxy at a given redshift 
if a 'QSO' were fainter than this, it would presumably be redder and 
thus classified as an N galaxy, or - mistakenly - as a star of normal 
colours.
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